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Description 

BACKGROUND OF THE INVENTION 

5 I. Field of the Invention 

[0001] The present invention relates to data communication. More particularly, the present inventic 
and improved method and apparatus for high rate packet data transmission. 

10 ii. Description of the Related Art 

[0002] A modern day communication system is required to support a variety of applications. One such 
system is a code division multiple access (CDMA) system which conf orm&S tfetoibiifee "StE& tfeBSfe / IS- 
Station Compatibility Standar cfllofter WHiate±>and Spread Spectrum Cellular System", hereinafter referred 

15 the ISS- standard. The CDMA system allows for voice and data communications between users over a te 
The use of CDMA techniques in a multiple access communication system is disclosed in U.S. Patent 
entitled "SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM USING SATELLITE OR TERRES- 
TRIAL REPEATERS", and U.S. Patent No. 5,103,459, entitled "SYSTEM AND METHOD FOR GENERATING WAVE- 
FORMS IN A CDMA CELLULAR TELEPHONE SYSTEM", both assigned to the assignee of the present inventioi 

20 [0003] In this specification, base station refers to the hardware with which the mobile stations cor 
to the hardware or the geographic coverage area, depending on the context in which the term is u 
partition of a cell. Because a sector of a CDMA system has the attributes of a cell, the teaching 
cells are readily extended to sectors. 

[0004] In the CDMA system, communications between users are conducted through one or more base s 
25 first user on one mobile station communicates to a second user on a second mobile station by trans 
reverse link to a base station. The base station receives the data and can route the data to anot 
data is transmitted on the forward link of the same base station, or a second base station, to the 
The forward link refers to transmission from the base station to a mobile station and the reverse li 
from the mobile station to a base s9t5atniy^errQsr) Hfifoe forward link and the reverse link are allocated 
30 frequencies. 

[0005] The mobile station communicates with at least one base station during a communication. CDMA rr 
are capable of communicating with multiple base stations simultaneously during soft handoff . Soft h 
of establishing a link with a new base station before breaking the link with the previous base 
minimizes the probability of dropped calls. The method and system for providing a communication wi 

35 through more than one base station during the soft handoff process are disclosed in U.S. Patent No 
"MOBILE ASSISTED SOFT HANDOFF IN A CDMA CELLULAR TELEPHONE SYSTEM, " assigned to the assignee of 
the present invention. Softer handoff is the process whereby the communication occurs over multipl 
serviced by the same base station. The process of softer handoff is described in detail in copending 
Serial No. 08/763,498, entitled "METHOD AND APPARATUS FOR PERFORMING HANDOFF BETWEEN SECTORS 

40 OF A COMMON BASE STATION", filed December 11, 1996, assigned to the assignee of the present inveni 
[0006] Given the growing demand for wireless data applications, the need for very efficient wireless 
systems has become increasingly signif i(9a5ntetaTrtdei.rIiS-is capable of transmitting traffic data and vo 
over the forward and reverse links . A method for transmitting traffic data in code channel frames o: 
in detail in U.S. Patent No. 5/504,773, entitled "METHOD AND APPARATUS FOR THE FORMATTING OF DATA : 

45 TRANSMISSION", assigned to the assignee of the present invention. In ac5c3or3iHaTi!fervd^thtrt^e^r]a^f ic 

data or voice data is partitioned into code channel frames which are 20 msec wide with data rates a 
[0007] A significant difference between voice services and data services is the fact that the form 
and fixed delay requirements. Typically, t&iae/ dsBdj^lb&rBgpeech frames must be less than 100 msec, 
contrast, the data delay can become a variable parameter used to optimize the efficiency of the 

50 system. Specifically, more efficient error correcting coding techniques which require significantly 
that can be tolerated by voice services can be utilized. An exemplary efficient coding scheme fo: 
U.S. Patent Application Serial No. 08/743,688, entitled "SOFT DECISION OUTPUT DECODER FOR DECODING 
VOLUTIONALLY ENCODED CODEWORDS", filed November 6, 1996, assigned to the assignee of the present inv 
[0008] Another significant difference between voice services and data services is that the former : 

55 common grade of service (GOS) for all users. Typically, for digital systems providing voice servic 
a fixed and equal transmission rate for all users and a maximum tolerable value for the error rates 
In contrast, for data services, the GOS can be different from user to user and can be a parameter * 
the overall efficiency of the data communication system. The GOS of a data communication system is 
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as the total delay incurred in the transfer of a predetermined amount of data, hereinafter referr< 
[0009] Yet another significant difference between voice services and data services is that the form* 
communication link which, in the exemplary CDMA communication system, is provided by soft handof 
results in redundant transmissions from two or more base stations to improve reliability. However, t 
is not required for data transmission because the data packets received in error can be retransmitt 
the transmit power used to support soft handoff can be more efficiently used for transmitting add 
[0010] The parameters which measure the quality and effectiveness of a data communication system < 
mission delay required to transfer a data packet and the average throughput rate of the system, 
does not have the same impact in data communication as it does for voice communication, but it is 
for measuring the quality of the data communication system. The average throughput rate is a measu] 
of the data transmission capability of the communication system. 

[0011] It is well known that in cellular sy sterna i±<temdsiiri£iG3±&er e nee ratio C/I of any given user i 
function of the location of the user within the coverage area. In order to maintain a given leve 
FDMA systems resort to frequency reuse techniques, i.e. not all frequency channels and/or time sic 
base station. In a CDMA system, the same frequency allocation is reused in every cell of the syster 
the overall efficiency. The C/I that any given user s mobile station achieves determines the infor 
supported for this particular link from the base station to the user s mobile station. Given the 
error correction method used for the transmission, which the present invention seek to optimize fo 
a given level of performance is achieved at a corresponding level of C/I . For idealized cellular 
cell layouts and utilizing a common frequency in every cell, the distribution of C/I achieved with 
be calculated . 

[0012] The C/I achieved by any given user is a function of the path loss, which for terrestrial eel] 
as r to 5 ,r where r is the distance to the radiating source. Furthermore, the path loss is subject to 
to marmade or natural obstructions within the path of the radio wave. These random variations are 
as a lognormal shadowing random process with a standard deviation of 8 dB . The resulting C/I distr 
an ideal hexagonal cellular layoutii wefchioxumsLtL-base station antpnopagafcion law, and shadowing 
process with 8 dB standard deviation is shown in Fig. 10. 

[0013] The obtained C/I distribution can only be achieved if, at any instant in time and at any 
station is served by the best base station which is defined as that achieving the largest C/I v 
physical distance to each base station. Because of the random nature of the path loss as describe 
with the largest C/I value can be one which is other than the minimum physical distance from th 
contrast, if a mobile station was to communicate only via the base station of minimum distance, the C 
degraded. It is therefore beneficial for mobile stations to communicate to and from the best ser^i 
times, thereby achieving the optimum C/I value. It can also be observed that the range of values c 
the above idealized model and as shown in FIG. 10, is such that the difference between the highes 
can be as large as 10, 000. In practical implementation the range is typically 01 rtiritMfci cHBq a^tiproxirm 
is therefore possible for a CDMA base station to serve mobile stations with information bit rate 
much as a factor of 100, since the following relationship holds: 



(C/I) 



where ^represents the information rate to a particular mobile station, W is the total bandwidth o 
spectrum signal, a^Lils the energy per bit over interference density required to achieve a given leve 
For instance, if the spread spectrum signal occupies a bandwidth W of 1.2288 MHz and reliable commu 
an average b /£j equal to 3 dB, then a mobile station which achieves a C/I value of 3 dB to the best 
communicate at a data rate as high as 1.2288 Mbps . On the other hand, if a mobile station is su 
interference from adjacent base stations and can only achieve a C/I of -7 dB, reliable communication 
at a rate greater than 122.88 Kbps . A communication system designed to optimize the average througr 
attempts to serve each remote user from the best serving base station and ^twrrdh^i rtih]eher^tmcdaeta rate 
user can reliably support. The data communication system of the present invention exploits the char, 
and optimizes the data throughput from the CDMA base stations to the mobile stations. 
[0014] From the US patent 6,134,220, a method of adapting the air interface in a mobile radio system 
base transceiver station, mobile station and transmission mode are known. For adaptation of the 
system, two separate analyses of transmission quality are carried out for each transmission dir< 
transmission direction, one of the coding modes is selected in accordance with the corresponding 1 
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analysis . 

[0015] From the US patent 5,638,412, a method and apparatus for negotiating service configuration 
munication system is known. The service configuration comprises data rates, frame formats and typ< 

[0016] WO 97/09810 relates to a method and apparatus for multirate data communication. In one e 
5 system is provided for multirate communications allowing for different data rates for each data unit 
both data units from different mobile units and from the same mobile unit . A sending unit preferably 
the rate at which to start communications, and monitors, for example by use of an RSSI detector, j 
the rate should be changed. A rate adjustor implements the change, and can make changes as frequent 
unit . 

10 

SUMMARY OF THE INVENTION 

[0017] The invention is defined in the independent claims 1, 7, 19, 31. 

[0018] The present invention is a novel and improved method and apparatus for high rate packet da 

15 in a CDMA system. The present invention improves the efficiency of a CDMA system by providing for 
mitting data on the forward and reverse links. Each mobile station communicates with one or more 
monitors the control channels for the duration of the communication with the base stations. The c 
be used by the base stations to transmit small amounts of data, paging messages addressed to a spec: 
and broadcast messages to all mobile stations. The paging message informs the mobile station thai 

20 has a large amount of data to transmit to the mobile station. 

[0019] It is an object of the present invention to improve utilization of the forward and reverse '. 
communication system. Upon receipt of the paging messages from one or more base stations, the mobi] 
ures the si^naabisffimdinterference ratio (C/I) of the forward link signals (e.g. the forward link pj 
time slots and selects the best base station using a set of parameters which can comprise the pres 

25 measurements. In an exemplary embodiment which is not part of the invention, at every time slot, 
transmits to the selected base station on a dedicated data request (DRC) channel a request for ' 
highest data rate which the measured C/I can reliably support. The selected base station transmits 
at a data rate not exceeding the data rate received from the mobile station on the DRC channel . I 
the best base station at every time slot, improved throughput and transmission delay are achieved 

30 [0020] It is another exemplary embodiment which is not part of the present invention to improve 
transmitting from the selected base station at the peak transmit power for the duration of one o 
mobile station at the data rate requested by the mobile station. In the exemplary CDMA communica 
base stations operate at a predeter<m£ fie<te bz^ckS- dB) from the available transmit power to account for 
in usage. Thus, the average transmit power is half of the peak power. However, in the present ir 

35 speed data transmissions are scheduled and power is typically not shared (e.g., among transmissions) 
to bacfaif from the available peak transmit power. 

[0021] It is yet another exemplary embodiment which is not part of the present invention to enh£ 
allowing the base stations to transmit data packets to each mobile station for a variable number o: 
to transmit from different base stations from time slot to time slot allows the data communicat ior 
40 invention to quickly adopt to changes in the operating environment. In addition, the ability to tr. 
non-eont iguous time slots is possible in the present invention because of the use of sequence num 
data units within a data packet. 

[0022] It is yet another exemplary embodiment which is not part of the present invention to inc 
forwarding the data packets addressed to a specific mobile station from a central controller to i 

45 are members of the active set of the mobile station. In the present invention, data transmission ca 
station in the active set of the mobile station at each time slot. Since each base station comprises 
the data to be transmitted to the mobile station, efficient forward link transmission can occur with 
[0023] It is yet another exemplary embodiment which is not part of the present invention to provic 
mechanism for data units received in error . In the exemplary embodiment, each data packet comprises 

50 number of data units, with each data unit identified by a sequence number. Upon incorrect recept 
data units, the mobile station sends a negative acknowledgment (NACK) on the reverse link data chai 
sequence numbers of the missing data units for retransmission from the base station. The base st 
NACK message and can retransmit the data units received in error. 

[0024] It is yet another exemplary embodiment which is not part of the present invention for the mol 
55 the best base station candidates for communication based on the procedure described in U.S. Patent 
No. 08/790,497, entitled "METHOD AND APPARATUS FOR PERFORMING SOFT HANDOFF IN A WIRELESS COM- 
MUNICATION SYSTEM", filed January 29, 1997, assigned to the assignee of the present invention. In 
embodiment, the base station can be added to the active set of the mobile station if the received 
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predetermined add threshold and dropped from the active set if the pilot signal is below a predeter 
In the alternative embodiment, the base station can be added to the active set if the additional en 
(e.g. as measured by the pilot signal) and the energy of the base stations already in the active set < 
threshold. Using this alternative embodiment, a base station which transmitted energy comprises an i 

5 of the total received energy at the mobile station is not added to the active set. 

[0025] It is yet another exemplary embodiment which is not part of the present invention for the 
transmit the data rate requests on the DRC channel in a manner such that only the selected base 
base stations in communication with the mobile station is able to distinguish the DRC messages, the 
the forward link transmission at any given time slot is from the selected base station. In the € 

10 each base station in communication with the mobile station is assigned a unique Walsh code. The mok 
the DRC message with the Walsh code corresponding to the selected base station. Other codes can b< 
the DRC messages, although orthogonal codes are typically utilized and Walsh codes are preferred. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0026] The features, objects, and advantages of the present invention will become more apparent f 
description set forth below when taken in conjunction with the drawings in which like referenc< 
correspondingly throughout and wherein: 

20 FIG. 1 is a diagram of a data communication system of the present invention comprising a plurali' 

of base stations and a plurality of mobile stations. 

FIG. 2 is an exemplary block diagram of the subsystems of the data communication system of the p 
FIGS. 3I&B are block diagrams of the exemplary forward link architecture of the present inventi 
FIG. 4A is a diagram of the exemplary forward link frame structure of the present invention; 
25 FIGS. 4BtC are diagrams of the exemplary forward traffic channel and power control channel, res 

FIG. 4D is a diagram of the punctured packet of the present invention; 

FIGS. 4E&-G are diagrams of the two exemplary data packet formats and the control channel capsule 
FIG. 5 is an exemplary timing diagram showing the high rate packet transmission on the forward 
FIG. 6 is a block diagram of the exemplary reverse link architecture of the present invention; 
30 FIG. 7A is a diagram of the exemplary reverse link frame structure of the present invention; 

FIGS. 7B is a diagram of the exemplary reverse link access channel; 

FIG. 8 is an exemplary timing diagram showing the high rate data transmission on the reverse 1 
FIG. 9 is an exemplary state diagram showing the transitions between the various operating st< 
station; and 

35 FIG. 10 is a diagram of the cumulative distribution function (CDF) of the C/I distribution in an 

layout . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 [002 7] In accordance with the exemplary embodiment of the data communication system of the prese: 
forward link data transmission occurs from one base station to one mobile station (see FIG. 1) at 
data rate which can be supported by the forward link and the system. Reverse link data communicati 
one mobile station to one or more base stations . The calculation of the maximum data rate for f orw< 
is described in detail below. Data is partitioned into data packets, with each data packet being 

45 more time slots (or slots) . At each time slot, the base station can direct data transmission to an 
in communication with the base station.. 

[0028] Initially, the mobile station establishes communication with a base station using a predete 
cedure . In this connected state, the mobile station can receive data and control messages from the 
able to transmit data and control messages to the base station. The mobile station then monitors 

50 transmissions from the base stations in the active set of the mobile station. The active set contai 
in communication with the mobile station. Specifically, the mobile sttediacamsffimateijxtesr jbfeueeed^nal- 
ratio (C/I) of the forward link pilot from the base stations in the active set, as reoeeLdred at the r 
pilot signal is above a predetermined add threshold or below a predetermined drop threshold, the m< 
this to the base station. Subsequent messages from the base station direct the mobile station to a 

55 statics) to or from its active set, respectively. The various operating states of the mobile stat: 
[0029] If there is no data to send, the mobile station returns to an idle state and discontinues tr 
information to the base( ss}ta1W±rinle the mobile station is in the idle state, the mobile station mor 
channel from one or more base stations in the active set for paging messages. 
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[0030] If there is data to be transmitted to the mobile station, the data is sent by a central cont 
in the active set and stored in a queue at each base station. A paging message is then sent by one c 
to the mobile station on the respective control channels. The base station may transmit all such 
the same time across several base stations in order to ensure reception even when the mobile st 
5 between base stations. The mobile station demodulates and decodes the signals on one or more cont 
receive the paging messages. 

[0031] Upon decoding the paging messages, and for each time slot until the data transmission is comp 
station measures the C/I of the forward link signals from the base stations in the active set, as 
station. The C/I of the forward link signals can be obtained by measuring the respective pilot sig] 

10 then selects the best base station based on a set of parameters. The set of parameters can compri; 
previous C/I measurements andetherlatfe-or pactet&rate . For example, the best base station can be sele 
based on the largest C/I measurement. The mobile station then identifies the best base station £ 
selected base station a data request message (hereinafter referred to as the DRC message) on the da1 
(hereinafter referred to as the DRC channel) . In an embodiment which is not part of the inventior 

15 can contain the requested data rate. Alternatively, in an embodiment which is part of the inventi 
contains an indication of the quality of the forward link channel (e.g., the eCr^na^suiDamaent its< 
the packet^orate) . In the exemplary embodiment, the mobile station can direct the transmission of t 
to a specific base station by the use of a Walsh code which uniquely identifies the base statior 
symbols are exclusively OR ed (XOR) with the unique Walsh code. Since each base station in the acti^ 

20 station is identified by a unique Walsh code, only the selected base station which performs the id 
as that performed by the mobile station, with the correct Walsh code, can correctly decode the DRC 
station uses the rate control information from each mobile station to efficiently transmit forwar» 
possible rate . 

[0032] At each time slot, the base station can select any of the paged mobile stations for data tra 
25 station then determines the data rate at which to transmit the data to the selected mobile stati 
recent value of the DRC message received from the mobile station. Additionally, the base station 
transmission to a particular mobile station by using a spreading code which is unique to that n 
exemplary embodiment, this spreading code is the long pseudo noise (PN) code SK5hEcblan±iard.ef ined by : 
[0033] The mobile station, for which the data packet is intended, receives the data transmission an 
30 packet. Each data packet comprises a plurality of data units. In the exemplary embodiment, a data 
information bits, although different data unit sizes can be defined and are within the scope of t 
the exemplary embodiment, each data unit is associated with a sequence number and the mobile stat 
identify either missed or duplicative transmissions. In such events, the mobile stations communica 
data channel the sequence numbers of the missing data units. The base station controllers, whicl 
35 messages from the mobile stations, then indicate to all base stations communicating with this par 
which data units were not received by the mobile station. The base stations then schedule a retrans 
units . 

[0034] Each mobile station in the data communication system can communicate with multiple base st 
reverse link. In the exemplary embodiment, the data communication system of the present invention su 

40 and softer handoff on the reverse link for several reasons. First, soft handoff does not consume . 
the reverse link but rather allows the mobile stations to transmit data at the minimum power level 
of the base stations can reliably decode the data. Second, reception of the reverse link signals 
increases the reliability of the transmission and only requires additional hardware at the base si 
[0035] In exemplary embodiment which is not part of the invention, the forward link capacity of th 

45 system of the present invention is determined by the rate requests of the mobile stations. Additior 
link capacity can be achieved by using directional antennas and/or adaptive spatial filters. An € 
apparatus for providing directional transmissions are disclosed in copending U.S. Patent Applicat 
entitled "METHOD AND APPARATUS FOR DETERMINING THE TRANSMISSION DATA RATE IN A MUUL3TKR 
COMMUNICATION SYSTEM", filed December 20, 1995, and U.S. Patent Application Serial No. 08/925,52: 

50 "METHOD AND APPARATUS FOR PROVIDING ORTHOGONAL SPOT BEAMS, SECTORS, AND PICOCELLS", filed 
September 8, 1997, both assigned to the assignee of the present invention.. 

I . System Description 

55 [0036] Referring to the figures, FIG. 1 represents the exemplary data communication system of the ; 
which comprises mult ipl^a oe]23cpEach c^lis serviced by a corresponding bfes e7arMazh li nmo bile stations 
6 are dispersed throughout the data communication system. In the exemplary embodiment ,6 each of mc 
communicates with at most one basel stattlxsn forward link at each time slot but can be in communical 
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one or more base sta£±xtsm&he reverse link, depending on whether th§ mobiiilescstlathia^indof f . For example, 
base stati4m transmits data exclusively to mo^^leba^s^tsLlcait4ibDrtransmit s data exclusively to mobile 
static&fo, and base statrictrransmits data exclusively to mcifeilxn &tat fonrward link at time slot n. In E 
1, the solid line with the arrow indicates a data transmisfeitoon nfafcnml aoasEfeateitTTfrt. ifbn A broken line wit 
5 the arrow indicates that mobile. ssto^teiecirving the pilot signal, but no data transmissionjh^rom base i 
reverse link communication is not shown in FIG. 1 for simplicity. 

[0037] As shown by FIG. 1, each base4 s]toae^fI®Qnably transmits data to one m6bitlears^a3±bx3ffn moment. 
Mobile stati&jnffispecially those located near a cell boundary, can receive the pilot signals from mu. 
4. If the pilot signal is above a predetermined thredshcn^oh, rrran£i)re]s4: ±1ke[tri<±rase 4s1tetia3iMed to 
10 the active set of mobile . sEatthe exemplary embodiment, mobiQ.ecaB±a±e.<E3ffiLve data transmission from 
zero or one member of the active set . 

[0038] A block diagram illustrating the basic subsystems of the data communication system of the \ 
is shown in FIG. 2. Base stat iomOcibinit^rxfLae^s with packet networ£4^nI£&Tl£3k0t;e and all base stations 
4 in the data communication system (only one4basesbcbwilii±>n FIG. 2 for simplicity) . Base station co 
15 io coordinates the communication between mob£lo.ns1taTfei<dia±:a communication system and other users co 
nected to packet network intesrff dc^STKB 0 . PSTN30 interfaces with users through the standard teleph 
network (not shown in FIG. 2) . 

[0039] Base station conti<911©ntains many selector eHe^en±]sb hough only one is shown in FIG. 2 fo 
simplicity. One se lector 14 lEmeai±signed to control the communication between one or mlojaeidbase stati< 

20 one mobile sta"6iorIf selector el4mfeja-B not been assigned to mobile s^aalrliocnontrol prdc6esLsor 

informed of the need to page mob£leCa±atci(a>initrol prdcfefehen directs base 4 ttact paige mobile station 
[0040] Data sourdM) contains the data which is to be transmitted 6Lo QiffldMl3£)iHt§Etpirxnivides the 
data to packet network ir2t4er faicoket network inte#fneeeive s the data and routes the data to selec 
elementL4. Selector elem4n&ends the data to each basel atotejomimunication with mobile . sEathon 

25 base stat ifonna in tains data q4@UKehich contains the data to be transmitted t£>. mobile station 

[0041] In the exemplary embodiment, on the forward link, a data packet refers to a predetermined 
which is independent of the data rate. The data packet is formatted with other control and coding 
data transmission occurs over multiple Walsh channels, the encoded packet is demultiplexed into pa. 
each stream transmitted over one Walsh channel. 

30 [0042] The data is sent, in data packets, frofeO datach^mi^. eleASntFor each data packet, channel 

element42 inserts the necessary control fields. The data packet, control fields, frame check sequ€ 
tail bits comprise a formatted packet. Ch^hrt&feneie^nDodles one or more formatted packets and inter lea 
(or reorders) the symbols within the encoded packets. Next, the interleaved packet is scrambled 
sequence, covered with Walsh covers, and spread with the long PN cqdandnHMtto.@defe.orT:hgNspr ead 

35 data is quadrature modulated, filtered, and amplified by a tr aWsmTtreef owiratailn lBJnkuisltjnal is trans- 
mitted over the air througMfeKDinerfearwar d H&nk 

[0043] At mobile sta&,iotnhe forward link signal is recei\Mi aira/i arctuinmca to a receiver within front er 
62. The receiver filters, amplifies, quadrature demodulates, and quantizes the signal. The digitiz 
demodulator (DEMOD£)4 where it is despread with the long PN code aijcan^ePMshcDacdte^PjN decovered 
40 with the Walsh covers, and descrambled with the identical scrambling sequence. The demodulated dat 
decoder56 which performs the inverse of the signal processing funct i o n si , d orpsB caif ikrsBsl_eL ys ttvfortei. cute in- 
terleaving, decoding, and frame check functions. The decoded data is 6^ov2ibDtechataiw<iartea sink 
described above, supports transmissions of data, messaging, voice, video, and other communications 
link. 

45 [0044] The system control and scheduling functions can be accomplished by many implementations. Th 
channel schedu4§ris dependent on whether a centralized or d i ^nfi±riiJ~l<pirh cc qpnfacnels/s i ng is desired. For 
example, for distributed processing, chanA&lcaiiEhladulecated within each ba^e gbatriiDBely , for 
centralized processing, channel 4&zfo^dulo&£ located within base statidit) a.<mit joahl <fcae designed to 
coordinate the data transmissions of multiple. b^^istsTliriJbffra^n tat ions of the above described functi 

50 can be contemplated and are within the scope of the present invention. 

[0045] As shown in FIG. 1, mobile &tafl±eio±rissper sed throughout the data communication system and cai 
in communication with zero or one b4senstheid5nrward link. In the exemplary embodiment, channel sch 
48 coordinates the forward link data transmissions dk£ dime tlfa^s e xsta|Dtl:mrry embodiment, channel scheduler 
48 connects to data qfUCeumd channel e lem&htwithin base st&tanxii receives the queue size, which is 

55 indicative of the amount of data to transmit 6%. oamdbt lie SRfitmeBsages from mobile 6s ta^hacntmel 

schedulers schedules high rate data transmission such that the system goals of maximum data throughpu 
transmission delay are optimized. 

[0046] In the exemplary embodiment, the data transmission is scheduled based in part on the qualit 
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nication link. An exemplary communication system which selects the transmission rate based on t 
disclosed in U.S. Patent Application Serial No. 08/741,320, entitled "METHOD AND APPARATUS FOR PE 
HIGH SPEED DATA COMMUNICATIONS IN A CELLULAR ENVIRONMENT", filed September 11, 1996, assigned to 
the assignee of the present invention. In the present invention, the scheduling of the data commun 

5 on additional considerations such as the GOS of the user, the queue size, the type of data, the am* 
experienced, and the error rate of the data transmission. These considerations are described in ■ 
Application No. 08/798,951, entitled "METHOD AND APPARATUS FOR FORWARD LINK RATE SCHEDULING", file 
February 11, 1997, and U.S. Patent Applica tion Serial No. entitled "METHOD AND APPARATUS 

FOR REVERSE LINK RATE SCHEDULING", filed August 20, 1997, both are assigned to the assignee of th 

10 invention. Other factors can be considered in scheduling data transmissions and are within the s 
invention . 

[0047] The data communication system of the present invention supports data and message transmis: 
reverse link. Within mobi]6e stoffli1ti:(iin7!6epro cesses the data or message transmission by routing the dc 
message to encoder. Contr ollfercan be implemented in a microcontroller, a microprocessor, a digi 

15 processing (DSP) chip, or an ASIC programmed to perform the function as described herein. 

[0048] In the exemplary embodiment, efrScedeodes the message consistent with the Blank and Burst sign 
data format described in the aforementioned U.S. Patent No. !3 25l3Mer7 7cpenEnst>derand appends a set 
of CRC bits, appends a set of code tail bits, encodes the data and appended bits, and reorders th< 
encoded data. The interleaved data is provided to mbtiulator (MOD) 

20 [0049] Modulator? 4 can be implemented in many embodiments. In the exemplary embodiment (see FIG. 

interleaved data is covered with Walsh codes, spread with a long PN code, and further spread with ■ 
The spread data is provided to a tr ansmitter6 wiThentf e.QBitni*jio^r modulates, filters, amplifies, and tr 
the reverse link signal over the air, Wrfx;o\cix$fa rawteerarea5]2ink 

[0050] In the exemplary embodiment, mobilfe s^jDafcaabsi the reverse link data in accordance with a lor 
25 code. Each reverse link channel is defined in accordance with the temporal offset of a common Ion 
two differing offsets the resulting modulation sequences are uncorr elated . T&ei ©fcfete&rraf nadmobile 
in accordance with a unique numerical identif icatiofi, ofhmohile e hat exemplary embodiment of the IS- 
95 mobile stations the mobile station specific identification number. Thufe ,tre^n£^JnlEO±)jo]re csisat ion 
uncorrelated reverse link channel determined in accordance with its unique electronic serial numb 
30 [0051] At base stati^onthe reverse link signal is receiv4d ixyd ap±.eiziridied to RF44un:R1F un44 

filters, amplifies, demodulates, and quantizes the signal and provides the digi14£zedha±igieal to chan: 
element42 despreads the digitized signal with the short PN codes and the long PN 4c2odi£LsoChannel e 
performs the Walsh code decovering and pilot and DRC extraction42 Gtiimrnadeoadctenmritthe demodulated 
data, decodes t net ndier leaved data, and performs the CRC check function. The decoded data, e.g. 
35 message, is provided to selector. 4e lUeieettor elei4ntoutes the data and message to the appropriate 
destination. Channel elSmma^: also forward a quality indicator to sJe^eiatdnircaFrliRn^rctf the condition 
of the received data packet. 

[0052] In the exemplary embodiment, mobile cs±ratb©nin one of three operating states. An exemplary 
diagram showing the transitions between the various operating staflteES osThancriDiiLe BSati@)n In the 

40 access sta9:(e2, mobile sta3i ssmds access probes and waits for channel ass ignment4byTbas<ehaitLaelon 

assignment comprises allocation of resources, such as a power control channel and frequency allocat 
6 can transition from the accSfftfe totarto connected ^bfeti^ mobile stfetii unpaged and alerted to an 
upcoming data transmission, or if mc63±]rein^tnaittiFoidata on the reverse link. In the9 (c4>nnrexfctLdi± state 
statical exchanges (e.g., transmits or receives) data and performs handoff operations. Upon complet 

45 procedure, mobile sfettirormsit ions from the connec3ie4i tstarths idle 9s0tf5at<Mobi le sta&ioain also 

transmission from the acce§©2s"itattehe idle 9£)l6atipon being rejected of a connection witM.blee station 
the idle s&afee mobile sta6:itanstens to overhead and paging messages by receiving and decoding messa 
the forward control channel and performs idle handoff pr oce6lu<ra^n "MofcrisLEt Eduattionthe ac§§2s state 
by initiating the procedure. The state diagram shown in FIG. 9 is only an exemplary state definit 

50 illustration. Other state diagrams can also be utilized and are within the scope of the present ii 

II. Forward Link Data Transmission 

[0053] In the exemplary embodiment, the initiation of a communication be6:w3H®ah too^3a.lsba^yta±rion 
55 occurs in a similar manner as that for the CDMA system. After completion of the call set up, mobi 
the control channel for paging messages. While in the connected 6s-tetjo.psm (fete ah© msLtsartLbcpin of the pilot 
signal on the reverse link. 

[0054] An exemplary flow diagram of the forward link high rate data transmission of the present in' 
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FIG. 5. If base sfcaifeLBOidata to transmit to mob£>l.eba^tmtsifcat4o:ELends a paging message addressed to 
mobile stat&oom the control channel 5a^2 .bXtaekpaging message can be sent from one or multiple base stc 
4, depending on the handoff state of m6bitlIpoBtsfed:ept ion of the paging message, mcSbbfegisiteat ion 
the C/I measurement process a"iO 4DlcT<hle C/I of the forward link signal is calculated from one or a cc 
5 methods described below. MobileS Szth^nics^lect s a requested data rate based on the best C/I measurem* 
transmits a DRC message on the DRC channelSCMfc. block 

[0055] Within the same time slot, basle rstea^tLiAsrs the DRC message at5QUBLoc]kf: the next time slot is 
available for data transmission, 4)atstsarssjia±iis3ndata to mobile sttab±L©rrequested data rat§lfit block 
Mobile statQ-omeceives the data transmissio5hl2LtIBlt>hfe next time slot is avai labLfe /tiiaBnBHnd^tfcsat ion 
10 the remainder of the packetSift ixiobakobile sta&imceives the data transmissicfihl&.t block 

[0056] In the present invention, mobftleaEttaeicbn communication with one or more bfarr^i mitMlaL-ons 
neously. The actions taken by mobj61®le^teaitii<mm whether mobile Station is not in soft handoff. Thes 
two cases are discussed separately below. 

15 in. No Handoff Case 

[0057] In the no handoff case, mobi Ee CBtamtimdrrates with one base itaEd£©rring to FIG. 2, the data 
destined for a particular mob6. lis spafo^cbded to se lectori ^fe Mmiecrit has been assigned to control the 
communication with that mobile . sSaiteoitior element orwards the data to dat£0 qd^ihein base station 

20 4. Base statUcqmeues the data and transmits a paging message on the control cManhem .mBaifeoEtat ion 

the reverse link DRC channel for DRC messages from mobiQie n^a^tirpial is detected on the DRC channe 
base statibrcan retransmit the paging message until the DRC message is detected. After a predeterr 
of retransmission attempts, ba^ecsrlialtQJoiininate the procesaifoiate-a call with mob6_le station 
[0058] In the exemplary embodiment which is not part of the invent i1or^nmo)r±L3Letlse:aitd.c5simested data 

25 rate, in the form of a DRC message, to 4baaetheaDR6nchanne 1 . In the alternative embodiment, mobile s 
6 transmits an indication of the quality of the forward link channel (e.g., the Q3/.I nrncea^isrement ) 
exemplary embodiment, tlket 3^RC message is decoded with soft decisions b$ . bine tkfeatexemplar y 
embodiment, the DRC message is transmitted within the first half of eadi tthsiDe hstotheBaseiasLlnatigon 
half of the time slot to decode the DRC message and configure the hardware for data transmission at 

30 time slot, if that time slot is available for data tr ansmi feicDf ttdaethiiesxtmcsto±:te3ss5tia7leidiri.me slot is r 
available, base s4awa6os for the next available time slot and continues to monitor the DRC chann- 
DRC messages . 

[0059] In the first embodiment which is not part of the inv^ntrnaTTn^mila^eatettai^anequested data rate. 
This embodiment confers to mobi 1& trftmt±bipfor tant decision of selecting the data rate. Always transmi 

35 requested data rate has the advantage that i6ofehl>wsstokUE<bn data rate to expect. Thus, nfebile stati 
only demodulates and decodes the traffic channel in accordance with the requestddddafeancate . Base 
have to transmit a message to mobiSLeiratdadaitomg which data rate is being used 4b.y base station 
[0060] In the first embodiment which is not part of the invention, after reception of the paging me 
6 continuously attempts to demodulate the data at the requested dat£a deato^ulMdrl^leth^a"to^ 

40 traffic channel and provides the soft decision symbols to the decoder. The decoder decodes the syir 
the frame check on the decoded packet to determine whether the packet was received correctly. I 
received in error or if the packet was directed for aSfyD 1±Hn6Er mir^aoele^h^b^diiAnrniild indicate a packet errc 
Alternatively in the first embodiment, 6mdbinbduiHafeEorthe data on a slot by slot basis. In the exe 
embodiment, mobile st&tls>nable to determine whether a data transmission is directed for it based 

45 which is incorporated within each transmitted data packet, as described beSlcman Xteirm^.nadifei±.feestat ioi 
decoding process if it is determined that the transmission is directed? £ c3in aricbthrFrr Qm^^lenojdiallpi on 
statical transmits a negative acknowledgments (NACK) message to4 baae askacbwoedge the incorrect 
reception of the data units. Upon receipt of the NACK message, the data units received in error i: 
[0061] The transmission of the NACK messages can be implemented in a manner similar to the transm 

50 error indicator bit (EIB) in the CDMA system. The implementation and use of EIB transmission are 
Patent No. 5,568,483, entitled "METHOD AND APPARATUS FOR THE FORMATTING OF DATA FOR TRANSMIS- 
SION", assigned to the assignee of the present invention. Alternatively, NACK can be transmitted \ 
[0062] In the second embodiment, the data rate is determined4 bwiblasinpiliatf com mobile6 station 
Mobile stat6.qcfer forms the C/I measurement and transmits an indication of the link quality (e.g., th< 

55 to base stat4iofi£ase stat4Laian adjust the requested data rate based on the resources available to ba: 
such as the queue size and the available transmit power. The adjusted data rate can be 6transmitted 
prior to or concurrent with data transmission at the adjusted data rate, or can be implied in tt 
packets. In the first case, wherein frcabatei^&attiJam adjusted data rate before the data transmission 
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station demodulate s and decodes the received packet in the manner described in the first embodiment 
case, wherein the adjusted data rate is transmitted6 too n mrohHrlmn ts tw^H-Hhn rthe data transmission, mobi] 
station can demodulate the forward traffic channel and store the demodulated data. Upon receipt of 
rate, mobile st&tctocnode s the data in accordance with the adjusted data rate. And in the third ca< 

5 adjusted data rate is implied in the encoded data paclfetiemadoarlste^sslaaTt^ all candidate rates 

and determine aposteriori the transmit rate for selection of the decoded data. The method and appai 
rate determination are described in detail in U.S. Patent Application Serial No. 08/730,863, ent 
APPARATUS FOR DETERMINING THE RATE OF RECEIVED DATA IN A VARIABLE RATE COMMUNICATION SYS- 
TEM", filed October 18, 1996, and Patent Application Serial No. PA436, also entitled "METHOD ANE 

10 FOR DETERMINING THE RATE OF RECEIVED DATA IN A VARIABLE RATE COMMUNICATION SYSTEM", 

filed , both assigned to the assignee of the present invention. For all cases describee 

station transmits a NACK message as described above if the outcome of the frame check is negative. 
[0063] The discussion hereinafter is based on the first embodiment which is not part of the invent 
stat i6ntransmit s to base 4 1 lr4M cEtRC message indicative of the requested data rate, except as otherwise 

15 However, the inventive concept described herein is equally applicable to the second embodiment wher 
6 transmits an indication of the link qualify to base station 

IV. Handoff Case 

20 [0064] In the handoff case, mobile sfomitiiiioihcate s with multiple base4 sdnattLhxesre verse link. In the 
exemplary embodiment, data transmission on the forward link to a par6b irmrliarrs nfefariml eo n^b aHra ^rm 
statioln However, mobile stataonsimultaneously receive the pilot signals from mu4t i|b:fL et Hdsl s©/ Stat ior 
measurement of a base st4atusorabove a predetermined threshold, the4 baseaddteidt itxn the active set of 
mobile statQ_oiDur ing the soft handoff direction message, the 4nawstba~ae mobtt lensfetiboa reverse 

25 power control (RPC) Walsh channel which is described below. Bach baffe haatiixfiiff with mobile statior 
6 monitors the reverse link transmission and sends an RPC bit on their respective RPC Walsh channs 
[0065] Referring to FIG. 2, selectdr4 eiseni^nfed to control the communication with 6ncBn>:t!tarsi5at ion 
the data to all base 4 tart Holms active set of mobile As. -ftabaae statjwJmi^h receive data from selector 
elementL4 transmit a paging message to mobile station 6 on their respective control channels. When 

30 is in the connected state, mobS. l^isibsolms^ntwo functions. First, m6biee.eetat the best base station 
4 based on a set of parameter which can be the best C/I measurem^1±J^eMob^ellfec±teataLoAata rate 
corresponding to the C/I measurement and transmits a DRC message to the seleMditeiilfeasteafehartLion 
can direct transmission of the DRC message to a part i4uEb§arcfcraeeiBtjathenDRC message with the Walsh 
cover assigned to that particular 4bas*ecs5tnsil; ioroobile slSaaioampts to demodulate the forward link sign 

35 in accordance with the requested data rate at each subsequent time slot. 

[0066] After transmitting the paging messages, all4 bans et fr&c agritoirngs set monitor the DRC channel for 
DRC message from mobile st&ti&gain, because the DRC message is covered with a Walsh code, the se 
base stat iforas signed with the identical Walsh cover is able to decover the DRC message. Upon recei 
message, the selected base ^tta^akramits data to mobile atatHennext available time slots. 

40 [006 7] In the exemplary embodiment, basel itratnBcnri t s data in packets comprising a plurality of data 
the requested data rate to mob&lel^tteltdcdata units are incorrectly receive®, ba^ NiM^]iiBas$^.dpa.on 
is transmitted on the reverse links to all ibafeee sastisms set . In the exemplary embodiment, the N 
message is demodulated and decoded by base4 s±ra±ifxintswarded to selector 141#men£>rocessing . Upon 
processing of the NACK message, the data units are retransmitted using the procedure as describ 

45 exemplary embodiment, selector elemeimbines the NACK signals received from all 4>a2Eet<staitLe.ons 
NACK message and sends the NACK message to all bas4 Erfc att±L<e nsc t ive set . 

[0068] In the exemplary embodiment, mobiLecatadiabect changes in the best C/I measurement and dynamic* 
request data transmissions from different 4boBQje e^rait ifcrirraie slot to improve efficiency. In the exei 
embodiment, since data transmission occurs from only dkie^tb-araa/ sgtLa^zbort ime slot, other base station 

50 in the active set may not be aware which data units, if any, has been transit irtlbhd: -e<2£emnL<pEiar§r stati 
embodiment, the transmitting baste isitfa^tincsn selector el4mentthe data transmission. Selector element 
then sends a message to all base4 sibattLtoeisact ive set. In the exemplary embodiment, the transmitte 
presumed to have been correctly received by mobTherstfa^tcEpn if mobile E&qtie.G>tis data transmission 
from a different base4 sttatrihm act ive set, the new Mafe^asi1sa±L±csnthe remaining data units. In the exemp! 

55 embodiment, the new base s4atiLa>inismit s in accordance with the last transmission update from select 
14. Alternatively, the new ba&e seta<ttLs>nthe next data units to transmit using predictive schemes 
metrics such as the average transmission rate and prior updates f #onTbe§.eatLcxrhadLEsraotminimi ze 
duplicative retransmissions of the same data units by mult a]bldii6£eeeetatimBS slot s which results i 
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loss in efficiency. If a prior transmission was received 4Ln3a^nm±,rab?^meLts1±air2ism3iata units out oj 
sequence since each data unit is identified by a unique sequence number as described below. In t] 
bodiment, if a hole t(Dfinammtted data units) is created (e.g., as the result of handof f4 between on* 
to another base st^41; idnhe missing data units are considered as though received i£a teirsn>:rraiMs>bi 10 sta 
5 NACK messages corresponding to the missing data units and these data units are retransmitted. 

[0069] In the exemplary embodiment, each baste isitadtreoract ive set maintains an independe&S. data queu* 
which contains the data to be transmitted to5 .mTifoelse!se;<a1ted>nbase sftatiansmits data existing in its 
data queueO in a sequential order, except for retransmissions of data units received in error and : 
In the exemplary embodiment, the transmitted data units are 4i(e IsEfetegfr: fj-nonn spjierE^i on . 

10 

V. Other Considerations for Forward Link Data Transmissions 

[0070] An important consideration in the data communication system of the present invention is th 
C/I estimates for the purpose of selecting the data rate for future transmissions. In the exempla: 
15 measurements are performed on the pilot signals during the time inter4/a^a*nbsiiritb<=p^ipl csHba^igrngsls . In 

the exemplary embodiment, since only the pilot signals are transmitted during this pilot time i 
multipath and interference are minimal . 

[0071] In other implementations of the present invention wherein the pilot signals are transmitte 
an orthogonal code channel, similar to BBasyf oenxBkietEig-ef f ect of multipath and interference can di; 

20 c/I measurements. Similarly, when performing the C/I measurement on the data transmissions instead c 
multipath and interference can also degrade the C/I measurements. In both of these cateeiss, when one 
transmitting to one mobile, sttkei iraxnibi le slfatLeorable to accurately measure the C/I of the forward lir 
because no other interfering signals are present. However, ^hdo m<nbEb^tsihaa.lDitof f and receives the 
pilot signals from multiple ba^e irafkaitljeo rssb afc. fbsi not able to discern whether or not4 basiee stations 

25 transmitting data. In the worst case scenar i6, cmobmfeasetat aohigh C/I at a first time slot, when nc 
stations were transmitting data to any mofe;Llandtne;<±eihve data transmission at a second time slot, wl 
base stations 4 are transmitting data at the same time slot. The C/I measurement at the first ti 
stations are idle, gives a false indication of the forward link signal quality at the second time 
the data communication system has changed. In fact, the actual C/I at the second time slot can be c 

30 that reliable decoding at the requested data rate is not possible. 

[0072] The converse extreme scenario exists when a C/I estimate6 bysmbMdd ait aifcaxxrma 1 interference. 
However, the actual transmission occurs when only the selected base station is transmitting, In thij 
and selected data rate are conservative and the transmission occurs at a rate lower than that wh: 
decoded, thus reducing the transmission efficiency. 

35 [0073] In the implementation wherein the C/I measurement is performed on a continuous pilot sign 
signal, the prediction of the C/I at the second time slot based on the measurement of the C/I at t 
made more accurate by three embodiments. In the first embodiment, data tr an smis silo rear efrom base 
controlled so that base 4stia>t hoitts constantly toggle between the transmit and idle states at success! 
This can be achieved by queuing enough data (e.g. a predetermined number of information bits) b« 

40 transmission to mobile Stations 

[0074] In the second embodiment, each bas4 fetansmmts a forward activity bit (hereinafter referred 
FAC bit) which indicates whether a transmission will occur at the next half frame. The use of the 
in detail below. Mobil6 pfeHfcbcms the C/I measurement taking into account the received FAC bit from 
statidh, 

45 [0075] In the third embodiment, which corresponds to the scheme wherein an indication of the link qu 
to base staMieunid which uses a centralized scheduling scheme, the scheduling information indicatinc 
base stat iota si ran smit ted data at each time slot is made available t48 c hataaLjede i ckeldedi^ffie r 
receives the C/I measurements from mobiieaodiataDnadjust the C/I measurements based on its knowlec 
of the presence or absence of data transmission from eachnbaee daaai(ma>mmunicat ion system. For 

50 example, mobile st&tcan measure the C/I at the first time slot when no adjlaacet ttoaasniat&tirigns 
The measured C/I is provided to channel 8s <£h^±LnTeelr schedu4§rknows that no adjacent base 4stations 
transmitted data in the first time slot since none was schedule&B Jo^n ciialmoiill in^edkaUffirt ran smiss ion 
at the second time slot, channel4 &d4rTffdALBlew±iether one or more adjacent basfe writlalt itemam sm i t data. 
Channel scheduler 48 can adjust the C/I measured at the first time slot to take into account the • 

55 mobile stat6_ounill receive in the second time slot due to data transmissions bfr. Adl^aceateHiafse stat: 
if the C/I is measured at the first time slot when ad4j a?Tf^itt±^is^n isadaitnigDna^nd these adjacent base 
stations are not transmitting at the second time slot, 4Ba<naLe ladgrtnetiu-flihs C/I measurement to take 
into account the additional information. 
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[0076] Another important consideration is to minimize redundant retransmissions. Redundant retrai 
result from allowing mobilfe tantaslFflnFTct data transmission from differefltabasacBfeafeiCTBstime slots. 
The best C/I measurement can toggle between two or morel bcamac EEtiBrtaeceraEive time slots if mobile stat] 
6 measures approximately equal C/I for these ^asTe^estl^tgigdnmg can be due to deviations in the C/I r 
urements and/or changes in the channel condition. Data transmission by ^ia^tf esn^cicte fetis^ee stt±ntea_ons 
slots can result in a loss in efficiency. 

[0077] The toggling problem can be addressed by the use of hysterisis. The hysterisis can be imp 
signal level scheme, a timing scheme, or a combination of the signal level and timing schemes. In 
level scheme, the better C/I measurement of a dif f efceimt 1^tase\c±tia/1eicsi£t is not selected unless it ex 
the C/I measurement of the current transmitt i3ndp^foai±e lstestticfciie hysterisis quantity. As an example, a 
that the hysterisis is 1.0 dB and that the C/I measurement ofi the3f5rdB bad etMaC^nmeasur erne nt 
of the second base s4a±s_o3i. 0 dB at the first time slot. At the next time slot^ iMieics^cssrir&dteEste stat. 
unless its C/I measurement is at least 1.0 dB higher than that 4>f TJbiies ,f iris tt toa s(e/ Istia<£a.omr ement 
of the first base 4s tL^t iEctni 1 1 3.5 dB at the next time slot, the iediQndiobase letaedoonles s its C/I 
measurement is at least 4.5 dB . 

[0078] In the exemplary timing scheme, ba4etr^ba±m.r5tns data packets to mob^lfeoEtatpoedetermined 
number of time slots. Mob iEei state tLcanl lowed to select a different tr ansmtLw-tthgnbahe ptatiitoarmined 
number of time slots. Mobile csdimttiiiaxme s to measure the C/I of the current tr ansm^tatnc^ala^ise static 
time slot and selects the data rate in response to the C/I measurement . 

[0079] Yet another important consideration is the efficiency of the data transmission. Referring ■ 
each data packet f c4dn£a-and43 0 contains data and overhead bits. In the exemplary embodiment, the nu 
overhead bits is fixed for all data rates. At the highest data rate, the percentage of overhead is £ 
size and the efficiency is high. At the lower data rates, the overhead bits can comprise a larger p 
The inefficiency at the lower data rates can be improved by transmitting variable length data pac 
6. The variable length data packets can be partitioned and transmj6ttsjcfertcmu^caa^!lLe3 ±tiarteicmLot s . 
Preferably the variable length data packets are transmitfeedvto mobddesEizattLbine slots to simplify t 
processing. The present invention is directed to the use of various packet sizes for various su 
improve the overall transmission efficiency. 

VI . Forward Link Architecture 

[0080] In the exemplary embodiment, basel fetatiEradts at the maximum power available te4 kaide station 
at the maximum data rate supported by the data communication system to a single mobile station 6 
The maximum data rate that can be supported is dynamic and depends on the C/I of the forward link s 
by mobile stafeioRref erably, base ^t-ataoamits to only one mobiEeattati jogiven time slot. 

[0081] To facilitate data transmission, the forward link comprises four time multiplexed channels 
power control channel, control channel, and traffic channel. The function and implementation of ea 
are described below. In the exemplary embodiment, the traffic and power control channels each corr 
of orthogonally spread Walsh channels. In the present invention, the traffic channel is used to t 
paging messages to mobile sfeatWbeo used to transmit paging messages, the traffic channel is also ; 
as the control channel in this specification. 

[0082] In the exemplary embodiment, the bandwidth of the forward link is selected to be 1.2288 MHz 
selection allows the use of existing hardware components designed for a CDMA system $5ich conforri 
standard. However, the data communication system of the present invention can be adopted for ue 
bandwidths to improve capacity and/or to conform to system requirements. For example, a 5 MHz ba 
utilized to increase the capacity. Furthermore, the bandwidths of the forward link and the revers 

(e.g., 5 MHz bandwidth on the forward link and 1.2288 MHz bandwidth on the reverse link) to more 
capacity with demand. 

[0083] In the exemplary embodiment, the jS&uoxrtP JPNc odes are the same leV^g-PlhJ 2:odes which are 
specified by tl§<S l£andard . At the 1.2288 MHz chip rate, the short PN sequences repeat every 26.6 7 
msec = ^A-2288 10 6 } . In the exemplary embodiment, the same short PN codes are used 4byv zatUiiifoase stat 
the data communication system. However, each basdes s±i^b±tar£ ied by a unique offset of the basic sh 
sequences. In the exemplary embodiment, the offset is in increments of 64 chips. Other bandwidth 
be utilized and are within the scope of the present invention. 

VII. Forward Link Traffic Channel 

[0084] A block diagram of the exemplary forward link architecture of the present invention is sho 
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data is partitioned into data packets and providedl f.2>. QR£r e^axddedata packet, CRC dri(2oder 
generates frame check bits (e.g., the CRC parity bits) and inserts the code tail bits. The forma 
encoderL12 comprises the data, the frame check and code tail bits, and other overhead bits which are 
The formatted packet is provided £b4 e>rinrioa±e,r in the exemplary embodiment, encodes the packet in accon 

5 with the encoding format disclosed in the aforementioned U.S. Patent Application Serial No. 08/743, 
formats can also be used and are within the scope of the present invention. The enfcfc&erb packet fr 
provided to interle&vehrich reorders the code symbols in the packet . The interleaved packet is prov 
puncture elemdrltS which removes a fraction of the packet in the manner described below. The punctuj 
provided to multjffiCLiw&olch scrambles the data with the scrambling sequencd^oiunctambleiement 

10 118 and scrambMS are described in detail below. The outputl £ (franpmpiri iFsL<j3£L itehre scrambled packet. 

[0085] The scrambled packet is provided to var iablelSSt\ehiolnitd:«riiiletiplexes the packet into K parall 
inphase and quadrature channels, where K is dependent on the data rate. In the exemplary embodiment 
packet is first demultiplexed into the inphase (I) and quadrature (Q) streams. In the exemplary emk 
comprises even indexed symbols and the Q stream comprises odd indexed symbol. Each stream is furthei 

15 into K parallel channels such that the symbol rate of each channel is fixed for all data rates. 

stream are provided to Walsh covei:3§lwlmEcnlt covers each channel with a Walsh function to provide ortl 
channels. The orthogonal channel data are provided 1 2)4 gdltetel^cnmbis the data to maintain a constan 
totadnergyper ehip (and hence constant output power) for all data rates. The scaledl clatas f rom gain 
provided to multiplexer! 6(CMlMi)ich multiplexes the data with the preamble. The preamble is discusse< 

20 below. The output f roml&KDJXis provided to multiplexed (MUi^h multiplexes the traffic data, the poi 
control bits, and the pilot data. The 16i2tpampDf sMMXthe I Walsh channels and the Q Walsh channels. 
[0086] A block diagram of the exemplary modulator used to modulate the data is illustrated in FIG 
channels and Q Walsh channels are provided £o2auaim£rL^b, respectively, which sum the K Walsh channels 
to provide the s rgjoaiuEidl g um , respectively . su ThandI Cj um signals are provided to complex2 lr4i.lt iplier 

25 Complex multipEielr also receives the aWd. P1Q_ signals from mult £f3Esenad2 3 6 b, respectively, and 
multiplies the two complex inputs in accordance with the following equation: 



= ft. • PN-t~ flL. ' PN-Q) + j{l sum • PN_Q + e, um • PN_J) , 

where m I llt and £) ult are the outputs from complex 2rilu4La:hpll:ge±s the complex r epr e sent 1 ajt L :j : <ainid I 
35 signals are provided t2±6feLa.tidrs6b, respectively, which filters the signals. The filtSi^d signals fi 
and216b are provided to mul£lp>aia3rc^ 1 8b, respectively, which multiplies the signals with the inphase 
COS (w c t) and the quadrature sinu(s^tL^ti, SifeJspectively . The I modulated and Q modulated signals are p 
to summer220 which sums the signals to provide the forward modul£ttt)ed waveform S 

[0087] In the exemplary embodiment, the data packet is spread with the long PN code and the short 
40 long PN code scrambles the packet such that only theS nfefari. l^i3±tattLhim packet is destined is able 
descramble the packet. In the exemplary embodiment, the pilot and power control bits and the cont 
are spread with the short PN codes but not the long PN code to al]6ovtoaMscraoLbrel<3:hs1sst rxirtss . The 
long PN sequence is generated by long cod@!3(^eaeda]br><Dvided to mult iplex^B 4 ( MTUK^ long PN mask 
determines the offset of the long PN sequence and is uniquely assigned to the 6de3"henaulpotmobi le e 
45 from MUX234 is the long PN sequence during the data portion of the transmission and zero otherwise 
pilot and power control portion) . The gated long PN se^fl4nsed f fcbei MEtf<Xr£ a^M PN sequences 
from short code generSatoare provided to mulfiS^aiartrc^ 3 6b, respectively, which multiply the two sets 
sequences to form thel BMid PNJ)_ signals, respectively. UraffidPIPKD signals are provided to complex 
multipl£d^. 

50 [0088] The block diagram of the exemplary traffic channel shown in FIGS. 3A and 3B is one of numeroi 
which support data encoding and modulation on the forward link. Other architectures, such as the 
forward link traffic channel in the CDMA system which &5n3rba-nidatd, thanl^tso be utilized and are witl 
the scope of the present invention. 

[0089] In the exemplary embodiment which is not part of the invention, the data rates 4supported h 
55 are predetermined and each supported data rate is assigned a unique rat<& EBdest sM©fa£l©f st&teion 

supported data rates based on the C/I measurement. Since the requested data rate needs to be sent 
4 to direct that base4 sttxattijoarismit data at the requested data rate, a trade off is made between t 
supported data rates and the number of bits needed to identify the requested data rate. In the exe 
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the number of supported data rates is sekreln ^aaitfe aintiex is used to identify the requested data ] 
exemplary definition of the supported data rates is illustrated in Table 1. Different definition c 
can be contemplated and are within the scope of the present embodiment. 

[0090] In the exemplary embodiment which is not part of the invention, the minimum data rate is 3 
maximum data rate is 2.4576 Mbps . The minimum data rate is selected based on the worse case C/I m 
the system, the processing gain of the system, the design of the error correcting codes, and the 
f ormance . In the exemplary embodiment, the supported data rates are chosen such that the differer 
cessive supported data rates is 3 dB . The 3 dB increment is a compromise among several factors ^ 
accuracy of the C/I measurement that can be achieved b§^, molfoa.leoskeL&i<£>or inefficiencies) which res 
from the quantization of the data rates based on the C/I measurement, and the number of bits (or 
to transmit the requested data rate from 6nothcLltes^a±.tia?bioMor e supported data rates requires more 
bits to identify the requested data rate but allows for more efficient use of the forward link becai 
error between the calculated maximum data rate and the supported data rate . The present embodimen 
the use of any number of supported data rates and other data rates than those listed in Table 1 . 



Table 1 



Traffic Channel Parameters 



Parameter 



Data Rates 



Unit. 



s 

Bfbps 

s 

msec 

s 



38 . 4 



76 . 8 



153 .6 



307 



614 



1228 . 8 



57.6 



Data bptajcket 



1024 



1024 



1024 



1024 



1024 



2043 



2048 



bit 



Packet length 



26 



67 



13 



33 



6 .67 



3 .33 



1 .67 



1 .67 



0 . 83 



Slotp^cket 



16 



0.5 



slot 



Packett/ransmission 



packets 



Slot kiransmiss ion 



16 



slots 



Walsh symbol rate 



is: 



3C 



7 .2 



14 . 4 



1.228 . 8 



2457 . 6 



2457 . 6 



4915 . 2 



Ksps 



Walsh channel/ QPSK phase 1 



16 



16 



16 



channel 



Modulator rate 



76 



6 . 8 



76 . 8 



76 . 8 



76 . & 



7£s£s 



PN chipd^ta bit 



32 



16 



chip 



s/bit 
Kcps 



PN chip rate 



1228.8 



12. 



8 . 8 



1228.8 



1228 . 8 



1228.8 



1228 . 8 



1228.8 



Modulation format 



QPSK 



QPSK 



QPSB 



QPSK 



QPSK 



QPSK 



QAM 



Rate index 



Note: (1) G$#^ modulation 



[0091] A diagram of the exemplary forward link frame structure of the present invention is illusti 
traffic channel transmission is partitioned into frames which, in the exemplary embodiment, are de 
the short PN sequences or 26.6 7 msec. Each frame can carry control channel information addresse 
stations (control channel frame), traffic data addressed to a pafit %t:uh£.f iraoH5±arae£"kat>±oaan be empty 

(idle frame) . The content of each frame is determined by the scheduling performed by fthe transmit 
In the exemplary embodiment, each frame comprises 16 time slots, with each time slot having a durat 
A time slot of 1.667 msec is adequate to enables rrtodo IplfFr jsdzart itrhns C/I measurement of the forward 1: 
signal. A time slot of 1.667 msec also represents a sufficient amount of time for efficient pack* 
the exemplary embodiment, each time slot is further partitioned into four quarter slots. 

[0092] In the present invention, each data packet is transmitted over one or more time slots as s] 
the exemplary embodiment, each forward link data packet comprises 1024 or 2048 bits. Thus, the num 
required to transmit each data packet is dependent on the data rate and ranges from 16 time slot 
rate to 1 time slot for the 1.2288 Mbps rate and higher. 

[0093] An exemplary diagram of the forward link slot structure of the present invention is shown 
exemplary embodiment, each slot comprises three of the four time multiplexed channels, the traffic 
channel, the pilot channel, and the power control channel. In the exemplary embodiment, the pilol 
channels are transmitted in two pilot and power control bursts which are located at the same posit 
The pilot and power control bursts are described in detail below. 
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[009 4] In the exemplary embodiment, the interleaved packet ZrfemL sLr^erclteLe^exr to accommodate the 
pilot and power control bursts . In the exemplary embodiment, each interleaved packet comprises 4C 
and the first 512 code symbols are punctured, as shown in FIG. 4D . The remaining code symbols are 
to align to the traffic channel transmission intervals. 

5 [0095] The punctured code symbols are scrambled to randomize the data prior to applying the ortl 
cover. The randomization 1 imit fcotahrercss^Ek-enve lope on the modulated wa(de)f orUhi^S scrambling sequence 
can be generated with a linear feedback shift register, in a manner known in the art . In the ex 
scramble±22 is loaded with the LC state at the start of each slot. In the exemplary embodiment, the 
122 is synchronous with the clock ofL IL&itteitleia^vesctal led during the pilot and power control bursts. 

10 [0096] In the exemplary embodiment, the forward Walsh channels (for the traffic channel and power > 
are orthogonally spread foriLtttWdJfeh covers at the fixed chip rate of 1.2288 Mcps . The number of parall 
channels K per inphase and quadrature signal is a function of the data rate, as shown in Table 
embodiment, for lower data rates, the inphase and quadrature Walsh covers are chosen to be orthogona 
crosstalk to the demodulator phase estimate errors. For example, for 16 Walsh channels, an exemplai 

15 ment is 0 W through 7 Wf or the inphase signa^L tAmrcbuWjh 1 W f or the quadrature signal. 

[0097] In the exemplary embodiment, QPSK modulation is used for data rates of 1.2288 Mbps and lowe 
modulation, each Walsh channel comprises one bit. In the exemplary embodiment, at the highest dat 
Mbps, l^AM is used and the scrambled data is demultiplexed into 32 parallel stbeamwirate j_cHi6ar e eac 
parallel streams for the inphase signal and 16 parallel streams for the quadrature signal. In the < 

20 the LSB of eaclhi12-symbol is the earlier symbol output flfLdim Int&hee exemplary embodiment, the QAM 

modulation inputs of (0, 1, 3, 2) map to modulation values of (+3, +1, -1, -3), respectively. The 
schemes, such asamy- phase shift keying PSK, can be contemplated and are within the scope of the pres 
[0098] The inphase and quadrature Walsh channels are scaled prior to modulation to maintain a constc 
power which is independent of the data rate. The gain settings are normalized to a unity referer 

25 modulated BPSK. The normalized channel gains G as a function of the number of Walsh channels (or 
shown in Table 2. Also listed in Table 2 is the average power per Walsh channel (inphase or quadra 
total normalized power is equal to unity. Note that th^Afelhanneilm^aiifiof: othfe6 f act that the normalizec 
energy per Walsh chip is 1 for QPSK aQ&M5 for 16- 



30 Table 2 -Traffic Channel Orthogonal Channel Gains 



35 



40 





Puncture Duration 


Data Rate (Kbp 


s) Number of Wals 
Channels K 


hModulat ioi 


l Walsh Channel Ga 


Ln G Average Power 
Channel |> 


38 . 4 


1 


QPSK 


1/2 


1/2 


76 . 8 


2 


QPSK 


1/2 


1/4 


153.6 


4 


QPSK 


1/22 


1/8 


307.2 


8 


QPSK 


1/4 


1/16 


614.4 


16 


QPSK 


1/42 


1/32 


1228 . 8 


16 


QPSK 


1/42 


1/32 


2457.6 


16 


l^AM 


1/4 10 


1/32 



[0099] In the present invention, a preamble is punctured into each traffic franfe itno tdnssist mob: 
synchronization with the first slot of each variable rate transmission. In the exemplary embodimer 
altero sequence which, for a traffic frame, is spread with the long PN code but, for a control 
spread with the long PN code. In the exemplary embodiment, the preamble is unmodulated BPSK which : 
spread with Walsh coYerTHe use of a single orthogonal channel miniiticb&^er&ije pasfeiope . Also, 
the use of a znsmD- Walsh cover minimizes false pilot detection since, for traffic frames, the pilo 
Walsh cover 0 Wand both the pilot and the preamble are not spread with the long PN code. 

[0100] The preamble is multiplexed into the traffic channel stream at the start of the packet for 
function of the data rate. The length of the preamble is such that the preamble overhead is appro 
all data rates while minimizing the probability of false detection. A summary of the preamble as a 
is shown in Table 3. Note that the preamble comprises 3.1 percent or less of a data packet. 
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Table 3 



Preamble Parameters 





Preamble Puncture Duration 


j_y a i_ ol rx a iw " ^ L\ j^/ lj 




-sr~*, 1 c; PT\T 


In H "r^i c5 Ot re 


3 8.4 


32 


512 


1 . 6% 


76 . 8 


16 


256 


1 . 6% 


153 . 6 


8 


128 


1 .6% 


307.2 


4 


64 


1 . 6% 


614 . 4 


3 


48 


2 . 3% 


1228 . 8 


4 


64 


3 . 1% 


2457 . 6 


2 


32 


3 . 1% 



rhead 



VIII. Forward Link Traffic Frame Format 



[0101] In the exemplary embodiment, each data packet is formatted by the additions of frame chec] 
bits, and other control fields. In this specification, an octet is defined as 8 informfefetton bits ar 
and comprises 8 informat on bits . 

[0102] In the exemplary embodiment, the forward link supports two data packet formats which are ill 
4E and 4F . Packet f oldnfiktompr ises five fields and pactSGl cfcaniptiaitse s nine fields. Pack&ttO fkrrmat 
used when the data packet to be transmitted to mobile station 6 contains enough data to complete 
octets in DATA fli^ldlf the amount of data to be transmitted is less than the avail&b8.,e octets ir 
packet formfeStQ is used. The unused octets are padded with all zeros and designatfet6 .as PADDING fiel 

[0103] In the exemplary embodiment, frame check sequence 4QE2Z^X\d&2^1 don tain the CRC parity bits 
which are generated by CRC gerilelnat(Qaee FIG. 3A) in accordance with a predetermined generator polyi 
In the exemplary embodiment, the CRC poly{TX>)ni=A§x-B_sx 2 g+ ^x + 1, although other polynomials can be used 
and are within the scope of the present invention. In the exemplary embodiment, the CRC bits are 
FMT, SEQ, LEN, DATA, and PADDING fields. This provides error detection over all bits, except the cc 
fielcMJO and448, transmitted over the traffic channel on the forward link. In the alternative embod: 
are calculated only over the DATA field. In the exemplary emb4>li2LraBrrd4,32FeSn£ aemd$6 CRC parity 
bits, although other CRC generators providing different number of parity bits can be used and are 
the present invention. Although fTX atr±MBc2sof the present invention has been described in the cont 
CRC parity bits, other frame check sequences can be used and are within the scope of the presei 
example, a check sum can be calculated for the packet and provided in the FCS field. 

[0104] In the exemplary embodiment, frame format 4EMT^nd4jfe4Lctontain one control bit which indicate 
whether the data frame contains only data octet s41{^)aofctetda = fcarmaiilid padding octets and zero or more 
messages (packet f ortSa^. . In the exemplary embodiment, a low value 4fLdlr cE>Mre£ pern ds to packet 
formaMlO. Alternatively, a high value floM EMffr^spidds to packet 4aQ:.mat 

[0105] Sequence number (SEQ) f iMJ6dand4 42 identify the first data unit4 IL81 a±Bd&a4£ ieddpect ively . 
The sequence number allows data to be transmitted out of sequences , to .xgobifbe? s^BavtstDirsmission of 
packets which have been received in error. The assignment of the sequence number at the data unit 
the need for frame fragmentation protocol for retransmission. The sequence number axL£a» allows mc 
detect duplicate data units. Upon receipt of the FMT, SEQ, and LEN6f ie lab lemfobi diet efcmit men which 
data units have been received at each time slot without the use of special signaling messages. 

[0106] The number of bits assigned to represent the sequence number is dependent on the maximum num 
units which can be transmitted in one time slot and the worse case data retransmission delays. Ir 
bodiment, each data unit is ident :bfL±edefojyieai de4 -number . At the 2.4576 Mbps data rate, the maximum nun 
of data units which can be transmitted at each slot is approximately 256. Eight bits are required 
data units. Furthermore, it can be calculated that the worse case data retransmission delays are 
The retransmission delays include the time necessary for a NACK message to^tmahEfoa.sstLahioif the 
data, and the number of retransmission attempts caused by the worse case burst error runs. Theref< 
mobile stat6_o1no properly identify the data units being received without ambiguity. The number of 
416 and442 can be increased or decreased, depending on the si zM 80anELAxAef retdransmi ss ion delays. 
The use of different number of bits ffe[lr6 SEfr@14:I£earl© within the scope of the present invention. 
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[0107] When base stat j^oiias less data to transmit to mdfo itlmnstt^tei capace available in 3A13A field 
packet formaiO is used. Packet f45r3na3± lows base station transmit any number of data units, up to 
maximum number of available data units, to mobirre thiEateissamplar y embodiment, a high value for FMT f 
434 indicates that base 4stL^t ioaansmitt ing packe43QforWiktthin packet f4£rffinatEN f ie4410 contains 
5 the value of the number of data units being transmitted in that packet. In the e xem^Q. airs/ embodime 
8 bits in length since DA1A cfatelxiange from 0 to 255 octets . 

[0108] DATA fields. 8 and444 contain the data to be transmitted to6mo£mlehetaxemplar y embodiment, 

for packet fo£ma,t each data packet comprises 1024 bits of which 992 are data bits. However, variab 

packets can be used to increase the number of information bits and are within the scope of the pr 

10 packet formfe&Q, the size of DATA4 4S1 did determined by LENl4fflield 

[0109] In the exemplary embodiment, packets Cfansmalbe used to transmit zero or more signaling messag 
Signaling length (SIG LE&B)6 jcrmltxains the length of the subsequent signaling messages, in octets. In t 
embodiment, SIG LEN f4S6.dis 8 bits in length. S IGNALtBtSG cfiiikadns the signaling messages. In the 
exemplary embodiment, each signaling message comprises a message identification (MESSAGE ID) fielc 

15 length (LEN) field, and a message payload, as described below. 

[0110] PADDING fiel&46 contains padding octets which, in the exemplary embodiment, are set to 0 
PADDING fiel4&6 is used because base 3fcai)ayodiiave fewer data octets to transmit to mobile station 6 
number of octets available in 0A13A Whemdthis occurs, P ADD INGl4£iel>d tains enough padding octets 
to fill the unused data field. PAfi)@Ii^ vjaieilr^tole length and depends on the lengtft44f DATA field 

20 [0111] The last field of packed lf)oairmd£3y0 is TAIL f i4£Kdsind4 48, respectively. TAI&2 Ei^ri<ifflsi8 

contain the zero (0x0) code tail bits which are useld. 4tc$ s£er <Ee:Gen<3<A$eiLnto a known state at the end 
each data packet. The code tail bits a11114)W^aarmrPTti?irnct ly partition the packet such that only bits 
packet are used in the encoding process . The code tail bits also allow the de3cdid)erle*:ElrhnLimemobile z 
the packet boundaries during the decoding process. The number of 42dGLtancMr4 8T^l|5eifidelda the 

25 design of encoHk4\ In the exemplary embodiment, £md4_4i& are long enough to force Mntoder 

to a known state . 

[0112] The two packet formats described above are exemplary formats which can be used to facilita' 
of data and signaling messages. Various other packet formats can be create to meet the needs of a 
nication system. Also, a communication system can be designed to accommodate more than the two p< 
30 described above. 

IX. Forward Link Control Channel Frame 

[0113] In the present invention, the traffic channel is also used to transmit mefeoargebi f fom base 
35 stations The types of messages transmitted include : (1) handoff direction messages, (2) paging m< 
page a specific mobile 6stt±itaTrorther e is data in the queue for thai.) ,mo(tSL)leslRlidl. dsbanta packets for a 
specific mobile s&^atairraii (4) ACK or NACK messages for the reverse link data transmissions (to be de; 
herein) . Other types of messages can also be transmitted on the control channel and are within the 
invention. Upon completion of the call set up sta^emoimctxbis 1sbteitcL<imntr ol channel for paging message 
40 and begins transmission of the reverse link pilot signal. 

[0114] In the exemplary embodiment, the control channel is time multiplexed with the traffic data o 
as shown in FIG. 4A . Mobile & idadsirctnisf y the control message by detecting a preamble which as been 
with a predetermined PN code. In the exemplary embodiment, the control messages are transmitted at 
is determined by mobile 6s tckiriiartg acquisition. In the preferred embodiment, the data rate of the cc 
45 is 76 . 8 Kbps . 

[0115] The control channel transmits messages in control channel capsules. The diagram of an exei 
channel capsule is shown in FIG. 4G . In the exemplary embodiment, each c ap s u M 2; oitfiEi eg q tpodamb 1 e 
payload, and CRC par it^74bJ. tMie control payload comprises one or more messages and, if necessary, 
bit^72. Each message comprises message identif ier46 $MS<BieIjB£Lge length (SEB^ optional address 
50 (ADDR) 468 (e.g., if the message is directed to a specQL^caim^biiel^a^e^l^isTnlc^^d In the exemplary 

embodiment, the messages are aligned to octet boundaries. The exemplary control channel capsule i! 
4G comprises two broadcast messages intended for all 6m<atoddl©nstare:B(3iauge directed at a specific mobile 
statio&i MSG ID fi4£d determines whether or not the message requires an address field (e.g. whe" 
broadcast or a specific message) . 

55 

X. Forward Link Pilot Channel 

[0116] In the present invention, a forward link pilot channel provides a pilot signal ^hich is use 
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for initial acquisition, phase recovery, timing recovery, and ratio combining. These uses are simi 
communication systems which conf or9rB ts±alr£&ar d . In the exemplary embodiment, the pilot signal is a 
by mobile stat&otexs perform the C/I measurement. 

[0117] The exemplary block diagram of the forward link pilot channel of the present invention is 
5 The pilot data comprises a sequence of all zeros (or all ones) whichl5_&. ^Mu±^±kjEbStoEcnw£lirlsi plier 

the pilot data with Walslg. . cSdecM Walsh cocJeiW a sequence of all zeros, the outpu56of smtMiplier 
pilot data. The pilot data is time multlpleaaedl jb^oDdc&ed to the I Walsh channel which is spread b^ 
short PjNcode within complex muPllpXsee FIG. 3B) . In the exemplary embodiment, the pilot data is nc 
with the long PN code, which is gated off during the ^3d4^otobia±§.t>wbyeMS^>t ion by all mobile station: 
10 The pilot signal is thus an unmodulated BPSK signal. 

[0118] A diagram illustrating the pilot signal is shown in FIG. 4B. In the exemplary embodiment, each 
two pilot buK&fca^ and 306b which occur at the end of the first and third quarters of the time slot 
embodiment, each pi lot3 GM>i:ris±. 64 chips in duration (Tp=64 chips) . In the absence of traffic data or 
data, base statiGcmly transmits the pilot and power control bursts, resulting in a discontinuous wa' 
15 the periodic rate of 1200 Hz. The pilot modulation parameters are tabulated in Table 4. 

XI . Reverse Link Power Control 

[0119] In the present invention, the forward link power control channel is used to send the power 
20 which is used to control the transmit power of the reverse link tr ansmfiss £xnn tneome:K7-ein<3-ee latikt ion 
each transmitting mobile 6 sfeatEoias a source of interference to all othe3r draobtihlfe n^ja4"dTrkis To 
minimize interference on the reverse link and maximize capacity, the transmit ^owercofitffadEonbbi le s 
by two power control loops. In the exemplary embodiment, the power control loops are similar to 
system disclosed in detail in U.S. Patent No. 5,056,109, entitled " METHOD AND APPARATUS FOR CONTP 
25 TRANSMISSION POWER IN A CDMA CELLULAR MOBILE TELEPHONE SYSTEM", assigned to the assignee of the 

present invention. Other power control mechanism can also be contemplated and are within the scop 
invention . 

[0120] The first power control loop adjusts the transmit poweBr 33tffchmctidnialte t^tmtri^rer se link signal 
quality is maintained at a set level. The signal quality is p^dEQjdilE^«b ssBgs€Jm®tfi tier §§r]?e nee ratio 

30 E b/J °f ^he reverse link signal received At TBk©eserta±.av><Bl is ref errec^/tgb safe £>bdnE . The second 

power control loop adjusts the set point such that the desired level of performance;rGas- measured 
rate (FER), is maintained. Power control is critical on the reverse link because the transmit powei 
6 is an interference to other mol&L]Lei Itetroimaiunication system. Minimizing the reverse link transmj 
reduces the interference and increases the reverse link capacity. 

35 [0121] Within the first power contr o J/ Jairfp,tht^ie:elver se link signal is measured 4a t Basse s£1aa:U:b<ran 

4 then compares the measi^r/egdwEth the set point. If the b j^atsfu:iga33ka^:er than the set point, base stat 
4 transmits a power control message to mc&tbe dstarfesae the transmit power. Alternatively, if the me 
E b /J is below the set point, b^seratisinicbES a power control message to m6btdieiBtneaoe the transmit 
power. In the exemplary embodiment, the power control message is implemented with one power cont 

40 exemplary embodiment, a high value for the power control bit comrrtantcbs iiioiriela^estiatl^cbxansmit power 
and a low value commands mobile 6sttat rtorrease its transmit power. 

[0122] In the present invention, the power control bits f <6r iailcoinnotaihlea±.1istai(Qi?dfeh each base station 
4 are transmitted on the power control channel. In the exemplary embodiment, the power control cha. 
to 32 orthogonal channels which are spr eacbiwd_Malld±e cb8rers . Each Walsh channel transmits one revei 

45 power control (RPC) bit or one FAC bit at periodic intervals. Eadh ia^stais^LgmrsfoiL ]an sRfaX Lbrmde x 

which defines the Walsh cover and QPSK modulation phase (e.g. inphase or quadrature) for transmis 
bit stream destined for that mofciUm ±ttab Ecxtemplar y embodiment, the RPC index of 0 is reserved for the 
[0123] The exemplary block diagram of the power control channel is shown in FIG. 3A . The RPC bits 
symbol repealled which repeats each RPC bit a predetermined number of times. The repeated RPC bits a 

50 to Walsh cover e lemfentwhich covers the bits with the Walsh covers corresponding to the RPC indices, 
bits are provided to gairiL Sefi. ©rttoajnfa. scales the bits prior to modulation so as to maintain a constant 
power. In the exemplary embodiment, the gains of the RPC Walsh channels are normalized so that the t 
power is equal to the total available transmit power . The gains of the Walsh channels can be variec 
for efficient utilization of the total base station transmit power while maintaining reliable RPC 

55 mobile stat i^onsln the exemplary embodiment, the Walsh channel gains of inact lanee msDtbli lteo sienta_ o n s 

Automatic power control of the RPC Walsh channels is possible using estimates of the forward link q 
from the corresponding DRC channel from mobile Tkteatersadsd RPC bits from gairi ^lemenprovided 
to MUX162. 
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[0124] In the exemplary embodiment, the RPC indices of 0 through 15 are assigr^edihtoiidj&L^ijifla covers W 
respectively, and are transmitted around the first pilot bur st 3t€i4thmnFa"Gslde ) (RBTflebfrPgt indices 
of 16 through 31 are assigned to Wa 1 sj^ tta^mic^h flgji, respectively, and are transmitted around the sec 
pilot burst within a slot (ME8C ikiuFs^ISs 4C) . In the exemplary embodiment, the RPC bits are BPSK modi 

5 with the even Walsh covers 0 Ce J/g>. ,VJJtf etc.) modulated on the inphase signal and the odd Walsh cover; 
W lf VJ, V£, etc.) modulated on the quadrature signal. To fcediieea^feeeip^eeLkope , it is preferable to 
balance the inphase and quadrature power. Furthermore, tcfcamkn:i±3iEzetoc:td^snE>dulator phase estimate 
error, it is preferable to assign orthogonal covers to the inphase and quadrature signals. 
[0125] In the exemplary embodiment, up to 31 RPC bits can be transmitted on 31 RPC Walsh channels 

10 slot. In the exemplary embodiment, 15 RPC bits are transmitted on the first half slot and 16 RPC b 
the second half slot. The RPC bits are combineil By ( saaimnler©. 3B) and the composite waveform of the 
power control channel is as shown is in FIG. 4C . 

[0126] A timing diagram of the power control channel is illustrated in FIG. 4B . In the exemplary en 
bit rate is 600 bps, or one RPC bit per time slot. Each RPC bit is time multiplexed and transmitte 

15 (e.g., RPC buBsT&SL and304b), as shown in FIGS. 4B and 4C. In the exemplary embodiment, each RPC burs 
PN chips (or 2 Walsh symbols) in width (Tpc=32 chips) and the total width of each RPC bit is 64 PI 
symbols) . Other RPC bit rates can be obtained by changing the number of symbol repetition. For ex£ 
rate of 1200 bps (to support up to 63 m6bEi.eiuitatiEonsly or to increase the power control rate) c 
obtained by transmitting the first set of 31 RPC r3i)t4sa andRTCb baircfettshe second set of 32 RPC bits 

20 on RPC burstM)8a and308b. In this case, all Walsh covers are used in the inphase and quadrature 
modulation parameters for the RPC bits are summarized in Table 4. 



Table 4 



Pilot and Power Control Modulation Parameters 



Parameter 


RPC 


FAC 


Pilot 


Units 


Rate 


600 


75 


1200 


Hz 


Modulation form; 


it QPS 


K QPS1 


C BPSK 




Duration of contr 


ol bit 


64 


1024 


64 I 


Repeat 


4 


64 


4 


s ymbo 1 s 



PN chips 



[0127] The power control channel has a bursty nature since the numbero coin ncxtariitiim id trd I iimmswith 
each base stat4Laoan be less than the number of available RPC Walsh channels. In this situation, soi 
35 channels are set to zero by proper adjustment of the gailiSsl.of gain element 

[0128] In the exemplary embodiment, the RPC bits are transmitted 6c aw irtdrtaiulle csztrMtrrigDixar interleaving 
to minimize processing delays. Furthermore, the erroneous reception of the power control bit is r 
data communication system of the present invention since the error can be corrected in the next ti 
control loop. 

40 [0129] In the present invention, mob i6.ec sit alba, oris soft handoff with mult iple4 bars ette^ateLvjeusse 

link. The method and apparatus for the reverse link power cont6raL]n fexrf Imdrtsiriktofetr. artsLosht s closed in th< 
aforementioned U.S. Patent No. 5, 056, 109. M6blhe SE>H:&t iiondof f monitors the RPC Walsh channel for e 
base stat^omn the active set and combines the RPC bits in accordance with the method disclosed in th< 
U.S. Patent No. 5, 056, 109. In the first embodiment poirirc&airlnK ±thset i/nigic OR of the down power commands. 

45 Mobile statfiLcstecreases the transmit power if any one of the received RPC bits cofantacndtecnn^^i slfe statior 
the transmit power. In the second embodiment, l&obmleof tahaodof f can combine the soft decisions ol 
RPC bits before making a hard decision. Other embodiments for processing the received RPC bits can 
and are within the scope of the present invention. 

[0130] In the present invention, the FAC bit indicates feowlmsfctLdje cs±artidit)nfehe traffic channel of t 
50 associated pilot channel will be transmitting on the next half frame . The use of the FAC bit imprc 
mobile stat ife/isand hence the data rate request, by broadcasting the knowledge of the interference 
exemplary embodiment, the FAC bit only changes at half frame boundaries and is repeated for eight 
slots, resulting in a bit rate of 75 bps. The parameters for the FAC bit is listed in Table 4. 

[0131] Using the FAC bit, mobile fetrsdniaaranpute the C/I measurement as follows: 

55 
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(£) = S 

KiX /-£(i-«,)c ; . ' 

5 >*> 

where (C^Ii)s the C/I measurement ^ffcbiimrjd link sigrirfil ,tK£ total received pow^rf <nafw£bh± Hink 
signal,^ £s the received power :h c±fc)rQ^tardj link signal, I is the total inter f ereficareftaamsfaxafekisi-tgat ions 
a_j is the FAC bit Hffohwaird link signal and can be 0 or 1 depending on the FAC bit. 

10 

XII. Reverse Link Data Transmission 

[0132] In the present invention, the reverse link supports variable rate data transmission. The Vc 
flexibility and allows mobifl_eto3t1arh=i tosrsit at one of several data rates, depending on the amount of 
15 transmitted to base £ta£iionhe exemplary embodiment, mobi£lGca^a±riacrrBmit data at the lowest data rat 
at any time. In the exemplary embodiment, data transmission at higher data rates requires a granl 
This implementation minimizes the reverse link transmission delay while providing efficient utiliz 
resource . 

[0133] An exemplary illustration of the flow diagram of the reverse link data transmission of the 
20 shown in FIG. 8. Initially, at slot fi , peiiDBdims saataooes s probe, as described in the aforementioned 
Patent No. 5, 289, 527, to establish the lowest rate data channel on the reverse link at block 802. I 
station demodulates the access probe and receives the access me§94geB^e bd.1oajM.ogir ant s the 
request for the data channel and, at slot n+2, transmits the grant and the assigned RPC index on 
at bloc8k)6 . At slot n + 2, mobile 6s rat edrxes the grant and is power controlled 4},yababe.o&&&t ion 
25 Beginning at slot n+3, mobile s&tearttEort ran smit ting the pilot signal and has immediate access to the 
data channel on the reverse link. 

[0134] If mobile st&ttLa>si traffic data and requires a high rate data chafihnsaln- ±iiob±0aie3tj^rteiarneque st 
at blo<8!iO.At slot n+3, base &twMff7h7es the high speed data reque&f? - &t blotkn+5, base Station 
transmits the grant on the control chafim4 1 , A1atsrxI"bck+5 , mobile6 srasdbdxjre s the grant a^tlGolock 
30 and begins high speed data transmission on the reverse link star t i8h3g8 .at slot n + 6, at block 

XIII . Reverse Link Architecture 

[0135] In the data communication system of the present invention, the reverse link transmission diff 
35 link transmission in several ways. On the forward link, data transmission typical]^/ tcsc spumes from on 
mobile stat6_onHowever , on the reverse link, each 43asan sd3^trii<nrnrent ly receive data transmissions fr< 
multiple mobile st&tilm±he exemplary embodiment, each mol&i l^nsttaiahcsimit at one of several data rate 
depending on the amount of data to be transmitted to tterissE s^^tteirrDndesign reflects the asymmetric 
characteristic of data communication. 
40 [0136] In the exemplary embodiment, the time base unit on the reverse link is identical to the ti 
forward link. In the exemplary embodiment, the forward link and reverse link data transmissions c 
which are 1.667 msec in duration. However, since data transmission on the reverse link typically o 
rate, a longer time base unit can be used to improve efficiency. 

[0137] In the exemplary embodiment, the reverse link supports two channels : the pilot/DRC channe 
45 channel. The function and implementation of each of these channel are described below. The pilot/DF 
to transmit the pilot signal and the DRC messages and the data channel is used to transmit traffii 
[0138] A diagram of the exemplary reverse link frame structure of the present invention is illustr^ 
exemplary embodiment, the reverse link frame structure is similar to the forward link frame struct 
However, on the reverse link, the pilot/DRC data and traffic data are transmitted concurrently 
50 quadrature channels. 

[0139] In the exemplary embodiment, mobilfe ts±a^±sjnnint s a DRC message on the pilot/DRC channel at eac 
time slot whenever mobile 6stLatreKEe iving high speed data transmission. Alternatively^ whien mobile 
not receiving high speed data transmission, the entire slot on the pilot/DRC channel comprises the 
signal is used by the receiving ^sferstetjiiamber of functions : as an aid to initial acquisition, 
55 reference for the pilot/DRC and the data channels, and as the source for the closed loop reverse .' 
[0140] In the exemplary embodiment, the bandwidth of the reverse link is selected to be 1.2288 MHz, 
selection allows the use of existing hardware designed for a CDMA system wh£6h stanflarnis to the 
However, other bandwidths can be utilized to increase capacity and/or to conform to system requii 
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emplary embodiment, the same long PN code an^ amtatoiPty Riodes as those specified \9g> tstt^nrla-rd 

are used to spread the reverse link signal. In the exemplary embodiment, the reverse link channels 

QPSK modulation. Alternatively, OQPSK modulation can be used to ntjomz^irs^ebhBmgieiai^de variation 

of the modulated signal which can result in improved performance. The use of different system ban 

5 and modulation schemes can be contemplated and are within the scope of the present invention. 

[0141] In the exemplary embodiment, the transmit power of the reverse link transmissions on the p: 
and the data channel are controlled sugj^iT tdrfktt tidier elver se link signal, as measured base static 

maintained at a pr e deter miJiejcetE point as discussed in the aforementioned U.S. Patent No. 5, 506, 109. 
control is maintained by bas4 dnafcsbtEirmsinicat ion with the mobi6.ears±aH±L©ncommands are transmitted 

10 as the RPC bits as discussed above. 

XIV. Reverse Link Data Channel 

[0142] A block diagram of the exemplary reverse link architecture of the present invention is she 

15 data is partitioned into data packets and pro^ildted Ftxn eaciidebata packet, M2o^enerates the 

CRC parity bits, inserts the code tail bits, and encodes the data. In the exe6i|D2aar^cc®inte)diment , e 
the packet in accordance with the encoding format disclosed in the aforementioned U.S. Patent App 
08/743,688. Other encoding formats can also be used and are within the scope of the present invenl 
packet from encoder is provided to block inSLbr Maiv^x reorders the code symbols in the packet . T 

20 interleaved packet is provided tficfl. 6nuKhti jqfoL xmve r s the data with the Walsh cover and provides the c< 
data to gain elelmMh.tGain elemefor.8 scales the data to maintain a con^tmrMtEjfeiagardless of the 
data rate. The scaled data from ga^aJhS eUsergpaaiDtvided to mu l&5.([bli d^xdfi 5 Od which spread the data with 
the PN£) and PN_I sequences, respectively. The spread data f 65ig hnm rh trifi 'pfl H cttp provided to filters 
652b and652d, respectively, which filter the data. The f ilter&SEa^iagiKifeisbfajoei jftdchfcedrexi to summer 

25 654a and the filtered signals 65Eomarfd6L5t^± are provided to suSrfmfeb:. Summers554 sum the signals 
from the data channel with the signals from the pilot/DRC channel . Tfe§4au=bpc^l5^taof:om^nirriii©ES 
IOUT and QOUT, respectively, which are modulated with the inph£wi<£ ) s aiaidsdiiKi Quadrature sinusoid 
SIN(w c t), respectively (as in the forward link), and summed (not shown in FIG. 6) . In the exempla 
traffic data is transmitted on both the inphase and quadrature phase of the sinusoid. 

30 [0143] In the exemplary embodiment, the data is spread with the long PN code and the short PN code: 
code scrambles the data such that the receiving ibaafelet&oidrient if y the tr ansmitt in^. m'oHie.le static 
short PN code spreads the signal over the system bandwidth. The long PN sequence is generated by lon> 
642 and provided to mullfi^l ie^he short z BNd PN sequences are generated by short code6 4j4naaT£ator 
also provided to mu 1 t> i]6 aianrd6 4 6 b, respectively, which multiply the two sets of sequencEeantlo form the 

35 PN_Q signals, respect ivelycoltmMg <fc i:i6(4i£>ipro vide s the timing reference. 

[0144] The exemplary block diagram of the data channel architecture as shown in FIG. 6 is one of 
tectures which support data encoding and modulation on the reverse link. For high rate data transmit 
similar to that of the forward link utilizing multiple orthogonal channels can also be used. Othe 
the architecture for the reverse link traffic channel in the CDMA sy sterQ 5w Is total d<aorK±f orm tidsfche IS- 

40 be contemplated and are within the scope of the present invention. 

[0145] In the exemplary embodiment, the reverse link data channel supports four data rates which 
Table 5. Additional data rates and/or different data rates can be supported and are within the 
invention. In the exemplary embodiment, the packet size for the reverse link is dependent on the 
in Table 5. As described in the aforementioned U.S. Patent Application Serial No. 08/743,688, imp 

45 formance can be obtained for larger packet sizes. Thus, different packet sizes than those listed in 
to improve performance and are within the scope of the present invention. In addition, the packet 
parameter which is independent of the data rate. 



Table 5 - Pilot and Power Control Modulation Parameters 



50 



55 



Parameter 


Data rates 


Und 


ts 

nsec 
>it s 

its 




9 .6 


19.2 


38.^ 


76 . 


8 Kbp 


Frame duration 


26 . 


66 26 


.66 1 


3 . 33 


L3.33 l 


Data packet leng 


:h 1 


45 


191 


491 


.003 I 


CRC length 


16 


16 


16 


16 


bits 


Code tail bits 




5 


5 


5 


5 b 
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( continued) 



Parameter 



Data rates 



Uni ts 



Total bpfeE^et 



256 



512 



512 



102 



bits; 



Encoded packet length 1324 



2048 



048 



1096 synbols 



Walsh symbol length 



ch 



i_ps 



Request requirec 



yes 



[0146] As shown in Table 5, the reverse link supports a plurality of data rates. In the exemplai 
lowest data rate of 9.6K bps is allocated to eaS^lmprianbrfe^isttaclairi^ with ba£e Stiathenexemplary 
embodiment, mobile stafeioaio transmit data on the lowest rate data channel at any time slot withe 
request permission from base 4 start robe exemplary embodiment, data transmission at the higher data 
granted by the selected basel bfeafedoon a set of system parameters such as the system loading, fairr 
total throughput. An exemplary scheduling mechanism for high speed data transmission is describe 
aforementioned U.S. Patent Application Serial No. 08/798,951. 



XV. Reverse Link Pilot/DRC Channel 

20 

[0147] The exemplary block diagram of the pilot/DRC channel is shown in FIG. 6. The DRC message i; 
DRC encodei£>26 which encodes the message in accordance with a predetermined coding format. Coding < 
message is important since the error probability of the DRC message needs to be sufficiently low 
forward link data rate determination impacts the system throughput performance. In the exemplary 

25 encoded 26 is a rate (8,4) CRC block encoder which ebrrictodDJ&C trtosssjetge into Jarirt Scode word. The 

encoded DRC message is provided to mfoi2_& iifhLii^x covers the message with the Walsh code which unique 
identifies the destination b&sfcistidtiLcrim the DRC message is directed. The Walsh code is provided b^ 
gener ato6:2 4 . The covered DRC message is provided to multi]6B^xwhi<^MUMi)iltiplexes the message with 
the pilot data. The DRC message and the pilot data are pro^£Qadartd6 SnfflUcltol^icheis^r ead the data 

30 with the HN_and PKEL signals, respectively. Thus, the pilot and DRC message are transmitted on both 
and quadrature phase of the sinusoid. 

[0148] In the exemplary embodiment, the DRC message is transmitted to the s^l^Etheri itos3^h^t<f?itgiobn 
by covering the DRC message with the Walsh code which identifies the s4?lecrtetihfeaesera^aa-2ipn 
embodiment, the Walsh code is 128 chips in length. The <dte±p. vfetHsim <Dcfftd_a> 8a-re known in the art. One 

35 unique Walsh code is assigned to each bfess&isdhatLBorin communication with moKSi lEaEtiabaoB station 

4 decovers the signal on the DRC channel with its assigned Walsh code. Thel sjslafoitedtba decollation 
the DRC message and transmits data to the reque st ing6 moitoilitee sfcatoiaand link in response thereto. Ott 
base statidnare able to determine that the requested data rate is not directed to them because th< 
4 are assigned different Walsh codes. 

40 [0149] In the exemplary embodiment, the reverse link short PN codes € aim atfLtie tatetea sdbs^lmijinissat ion 

system is the same and there is no offset in the short PN sequences to disting^isTihclicfdrteaent base 
communication system of the present invention supports soft handoff on the reverse link. Using 1 
codes with no offset allows multiple iafee E&a*.±"G5esthe same reverse link transmission from mobile 
6 during a soft handoff. The short PN codes provide spectral spreading but do not allow for identific 

45 [0150] In the exemplary embodiment which is not part of the invention, the DRC message carries the 
rate by mobile sfetlonthe alternative embodiment, the DRC message carries an indication of the forw 
(e.g., the C/I information as measured by 6r$iob Mote is.teate tallica n simultaneously receive the forward lin 
pilot signals from one or more bafeeamtadtehrfiicorms the C/I measurement on each received pilot signal, 
statical then selects the best basfe bar^tdi cam a set of parameters which can comprise present and pre 

50 C/I measurements. The rate control information is formatted into the DRC message which can be cc 
statidh in one of several embodiments. 

[0151] In the first embodiment which is not part of the inve^ttiTmT>srmbfcsL]a^ EERlatmifrTreage based on 
the requested data rate. The requested data rate is the highest supported data rate which yields sat 
at the C/I measured by mobile . sEactimotihe C/I measurement, mobi]6e fsLtra^tti ana leu late s the maximum data 
55 rate which yields satisfactory performance. The maximum data rate is then quantized to one of the £ 
and designated as the requested data rate. The data rate index corresponding to the requested data 
to the selected base ^taMoexemplary set of supported data rates and the corresponding data rate 
shown in Table 1 . 
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[0152] In the second embodiment, wherein mobiQ_et2sa^dmi±3tns an indication of the forward link qualit; 
selected base st^tioiabile sta&itanansmits a C/I index which represents the quantized value of the 
urement . The C/I measurement can be mapped to a table and associated with a C/I index. Using more 1 
the C/I index allows a finer quantization of the C/I measurement. Also, the mapping can be linear 

5 linear mapping, each increment in the C/I index represents a corresponding increase in the C/I 
example, each step in the C/I index can represent a 2.0 dB increase in the C/I measurement. For a pr 
each increment in the C/I index can represent a different increase in the C/I measurement. As an exa 
mapping can be used to quantize the C/I measurement to match the cumulative distribution function 
C/I distribution as shown in FIG. 10. 

10 [0153] Other embodiments to convey the rate control information f fiomomdslaEee s&tL&tLoHon be 

contemplated and are within the scope of the present invention. Furthermore, the use of differe] 
represent the rate control information is also within the scope of the present invention. Throughc 
cation, the present invention is described in the context of the first embodiment which is not p< 
use of a DRC message to convey the requested data rate, for simplicity. 

15 [0154] In the exemplary embodiment, the C/I measurement can be performed on the forward link pile 
manner similar to that used in the CDMA system. A method and apparatus for performing the C/I l 
disclosed in U.S. Patent Application Serial No. 08/722,763, entitled "METHOD AND APPARATUS FOR ME. 
LINK QUALITY IN A SPREAD SPECTRUM COMMUNICATION SYSTEM", filed September 27,1996, assigned to the 
assignee of the present invention. In summary, the C/I measurement on the pilot signal can be obtad 

20 the received signal with the short PN codes. The C/I measurement on the pilot signal can contain 
channel condition changed between the time of the C/I measurement and the time of actual data trc 
present embodiment, the use of the FAC bit allows 6™±ta>i ]bak^ a\taib^ consider at ion the forward link ac 
when determining the requested data rate . 

[0155] In the alternative embodiment, the C/I measurement can be performed on the forward link tra. 

25 traffic channel signal is first despread with the long PN code and the short PN codes and decove 
code. The C/I measurement on the signals on the data channels can be more accurate because a large 
the transmitted power is allocated for data transmission. Other methods to measure the C/I of the 
signal by mobile s&actajronal so be contemplated and are within the scope of the present invention. 
[0156] In the exemplary embodiment which is not part of the invention, the DRC message is transmit 

30 of the time slot (see FIG. 7A) . For an exemplary time slot of 1.66 7 msec, the DRC message compri; 
chips or 0.83 msec of the time slot. The remaining 1024 chips of time akr ^ousteaholdyi lk4.ee aatiat ion 
decode the message. Transmission of the DRC message in the earlier portion of the ti4ietcslot allow 
decode the DRC message within the same time slot and possibly transmit data at the requested data rat 
successive time slot. The short processing delay allows the communication system of the present i 

35 adopt to changes in the operating environment . 

[0157] In the alternative embodiment, the requested data rate is con^rely^edttt© ifcraseofetart ia±Jisolute 
reference and a relative reference. In this embodiment, the absolute reference comprising the ret 
transmitted periodically. The absolute reference a]41dkcs daa-^cmsLln^t itrfrre exact data rate requested t 
mobile statdonFor each time slots between transmissions of the absolute ref efieibcaBsmmobiae stati> 

40 relative reference to baste wirtiaihiojmdicate s whether the requested data rate for the upcoming time si 
lower, or the same as the requested data rate for the previous time slot, ^etiadiiciiiyanmobile 
absolute reference. Periodic transmission of the data rate index allows the requested data rate 
state and ensures that erroneous receptions of relative references do not accumulate. The use of < 
and relative references can reduce the transmission rate of the DRC me feac£M^ietro pb*a3±^c£>1iaTt ten 

45 transmit the requested data rate can also be contemplated and are within the scope of the present 

XVI. Reverse Link Access Channel 

[0158] The access channel is used by mobifretattutajasamit messages to bas4 dtmimgnthe registration 
50 phase. In the exemplary embodiment, the access channel is implemented using a slotted structure wi 
accessed at random by mobile 6s ta/hidnhie exemplary embodiment, the access channel is time multiplexed 
DRC channel. 

[0159] In the exemplary embodiment, the access channel transmits messages in access channel caps 
exemplary embodiment, the access channel frame format is identical to -g&afetapdarfi^edxb^pthfehaE- 
55 the timing is in 26.67 msec frames instead of the 20 msec fr a^rSe ss l^pretsrirfdLe dTlte^ dEiSagram of an 

exemplary access channel capsule is shown in FIG. 7B . In the exemplary embodiment, each access ch 
712 comprises preamble, one or more message cap r s2i4,esand padding t2i£ts Each message caps7£L<fe 
comprises message length (MSG LEN732:;Lei£dsage bod"^34, and CRC parity l\3£ts 
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XVII. Reverse Link NACK Channel 

[0160] In the present invention, mob£letr^1n^traL(te the NACK messages on the data channel. The NACK 
message is generated for each packet received in err or 6by Imotohfee e^teaipionr y embodiment, the NACK 
5 messages can be transmitted using the Blank and Burst signaling data format as disclosed in the af 
Patent No. 5,504,773. 

[0161] Although the present invention has been described in the context of a NACK protocol, the 
protocol can be contemplated and are within the scope of the present invention. 

[0162] The previous description of the preferred embodiments is provided to enable any person ski 
10 make or use the present invention. The various modifications to these embodiments will be readib 
skilled in the art, and the generic principles defined herein may be applied to other embodiments 
inventive faculty. 



15 Claims 



1 . A method of controlling a data rate of a signal transmitted over a wireless channel during a ti 
station (4) to a mobile station (6), the time frame comprising a plurality of time slots, the i 

receiving a data request message, DRC message, at the base station (4) transmitted from the 
(6) and contaning an indication of a quality measure of the channel; 

selecting at the base station a data rate that is based on said indication in the received 
transmitting the signal from the base station (4) during the t imeh&rara^iearti zsa3i<±ndd±mttrate , 
the indication in the DRC message is based on a pilot signal transmitted through a forward 
from the base station (4), and the DRC message is received at every time slot at the base s 

2. The method of claim 1, wherein the DRC message and traffic data are transmitted concurrently 
quadrature channels. 

3. The method of claim 1, wherein the selecting comprises selecting the data rate from among a pre 
data rates . 



4. The method of claim 1, wherein the selecting comprises selecting a channel coding conf igurat ior 
the data rate during the time frame . 

35 

5. The method of claim 1, wherein the selecting comprises selecting a packet format corresponding 

6. The method of claim 1, wherein the selecting comprises selecting a quantity of user data corres 
rate for transmission during the time frame. 

40 

7. A base station (4) configured to transmit a signal to a mobile station (6) during a time frame c 
the time frame comprising a plurality of time slots, the base station (4) comprising: 

means for receiving from the mobile station (6) a data request message, DRC message, containi 
45 of a quality measure of the wireless channel; 

means for selecting a data rate that is based on said indication in the received DRC messag 
means for transmitting the signal at s^nia± aiadmr irselrte ,in that 

the indication in the DRC message is based on a pilot signal transmitted through a forward 
from the base station (4), an the DRC message is received at every time slot at the base st 

50 

8. The base station (4) of claim 7, wherein the DRC message and traffic data are transmitted concu 
and quadrature channels. 

9. The base station (4) of claim 7, wherein the means for selecting comprises means for selecting 
55 among a predetermined set of data rates. 



10. The base station (4) of claim 7, wherein the means for selecting the data rate comprises mea 
channel coding configuration corresponding to the data rate. 
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11. The base station (4) of claim 7, wherein the means for selecting the data rate comprises mea 
packet format corresponding to the data rate . 

12. The base station (4) of claim 7, wherein the means for selecting the data rate comprises mea 
quantity or user data corresponding to the data rate for transmission during the time frame. 

13. The base station (4) of claim 7, 

wherein said means for receiving comprises a receiver configured to receive from the mobile 
message containing an indication of said quality measure of the wireless channel; and 
wherein said means for transmitting comprises a transmitter coupled to the receiver and configi 
signal during said time frame at said data rate that is based on the received DRC message. 

14. The base station (4) of claim 13, further comprising a selector element (14) coupled to the recei 
and configured to select the data rate based on the received DRC message . 

15. The base station (4) of claim 14, wherein the selector element (14) is configured to select the 
a predetermined set of data rates. 

16. The base station (4) of claim 14, wherein the selector element (14) is configured to select a c 
uration for transmission of the signal during the time frame, wherein the selected channel c 
corresponds to the data rate . 

17. The base station (4) of claim 14, wherein the selector element (14) is configured to select 
transmission of the signal during the time frame, wherein the selected packet format correspond 

18. The base station (4) of claim 14, wherein the selector element (14) is configured to select a 
for transmission of the signal during the time frame, wherein the selected quantity of user da 
data rate . 

19. A method of controlling a data rate of a signal received at a mobile station (6) and transmitte 
to the mobile station (6) during a time frame over a wireless channel, the time frame comprisi 
slots, the method comprising: 

transmitting, from the mobile station (6), a data request message, DRC message, to the base 
taining an indication of a quality measure of the wireless channel; and 

receiving, at the mobile station (6), the signal at a data rate during the time frame, wherei 
on the quality meacsloianeacter ized in that 

the indication in the DRC message is based on a pilot signal transmitted through a forward 
from the base station (4), and the DRC message is transmitted at every time slot from the m 

20. The method of claim 19, wherein the DRC message and traffic data are transmitted concurrently 
quadrature channels. 

21. The method of claim 19, wherein the transmitting comprises transmitting inf or mi. oioiie indicative 
ference ratio for the wireless channel. 

22. The method of claim 19, wherein the receiving comprises receiving a packet having a packet foi 
packet format corresponds to the data rate. 

23. The method of claim 22, wherein the receiving comprises receiving a packet having a packet for 
a predefined quantity of coding bits for transmission during the time frame. 

24. The method of claim 22, wherein the receiving comprises receiving a packet having a packet for 
a predefined quantity of user data bits for transmission during the time frame. 

25. The method as in claim 19, further comprising: 

determining a CatDiet^rference (C/I) ratio of data communications received on a forward lin 
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26. The method as in claim 19, further comprising: 

determining a Bit Error Rate (BER) of data communications received on a forward link. 

27. The method as in claim 19, further comprising: 

determining a Packet Error Rate (PER) of data communications received on a forward link. 

28. The method as in claim 19, wherein transmitting the DRC message comprises: 

transmitting the DRC message on a dedicated channel on a reverse link. 

29. The method as in claim 19, further comprising: 

demodulating data communications received on a traffic channel of a forward link in accorda 
rate; and 

decoding data communications received on a traffic channel of a forward link in accordance v 

30. The method as in claim 19, further comprising: 

retransmitting the DRC message on a reverse link. 

31. A mobile station (6) for receiving a signal during a time frame through a wireless channel frorr 
time frame comprising a plurality of time slots, the mobile station (6) comprising: 

means for transmitting to the base station (4) a data request message, DRC message, containi 
of a quality measure of the wireless channel; and 

means for receiving from the base station (4) the signal at a data rate during the time fra 
rate is based on the qual itychva:ias(ater i zed in that 

the indication in the DRC message is based on a pilot signal transmitted through a forward 
from the base station (4), and the DRC message is transmitted at every time slot from the m 

32. The mobile station (6) of claim 31, wherein the DRC message and traffic data are transmitted cone 
and quadrature channels. 

33. The mobile station (6) of claim 31, wherein the means for transmitting comprises means for tran: 
indicative of a taiErtterf er ence ratio for the wireless channel. 

34. The mobile station (6) of claim 31, wherein the means for receiving comprises means for dete 
format of the received signal, 

wherein the packet format corresponds to the data rate. 

35. The mobile station (6) of claim 31, wherein the means for receiving comprises means for deter 
coding configuration for decoding the signal, wherein the channel coding configuration correspoi 

36. The mobile station (6) of claim 31, 

wherein said means for transmitting comprise a transmitter configured to transmit to the base 
message containing an indication of said quality measure of the wireless channel; and 
wherein said means for receiving comprise a receiver configured to receive from the base stati 
said data rate during said time frame, wherein the data rate is based on the quality measure. 

3 7 . The mobile station (6) of claim 36, wherein the DRC message containing an indication of a qualit 
a carrifeiinterference ratio for the wireless channel. 

38. The mobile station (6) as in claim 31, further comprising: 

means for determining a (Eafnterierence (C/I) ratio of data communications received on a for 
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39. The mobile station (6) as in claim 31, further comprising: 

means for determining a Bit Error Rate (BER) of data communications received on a forward 1 

40. The mobile station (6) as in claim 31, further comprising: 

means for determining a Packet Error Rate (PER) of data communications received on a forwar 

41. The mobile station (6) as in claim 31, further comprising: 

means for transmitting the DRC message on a dedicated channel on a reverse link. 

42 . The mobile station (6) as in claim 31, further comprising: 

means for demodulating data communications received on a traffic channel of a forward link i] 
the data rate; and 

means for decoding data communications received on a traffic channel of a forward link in ac 
data rate . 

Patentanspr che 

1 . Verfahren zum Steuern einer Datenrate eines Signals, das w hrend eines Zeitfensters ber einen c 
von einer Basisstation (4) an eine Mobilstation (6) bertragen wird, wobei das Zeitfenster ein 
schlitzen umfasst, das Verfahren aufweisend: 

Empfangen einer Datenanf ragenachr icHachBRe-ht , bei der Basisstation (4), die von der Mobilstc 
bertragen wurde und einen Hinweis auf ein Qualit tsma des Kanals enth It; 

Ausw hlen einer Datenrate bei der Basisstation basierend auf dem Hinweis inNdLe:rireliti^5i£^ngenen DF 
bertragen des Signals von der Basisstation (4) w hrend des Zeitf enstferJairndht gfckterQatenrate , 

zeichnet, dass 

der Hinweis in derNBREr-icht auf einem Pilotsignal basiert, das durch einen VBr3aotritaws!rbindung£ 
von der Basisstation (4) bertragen wurde, undtfai^Easidh/e DRCjedem Zeitschlitz von der Basisstat 
(4) empfangen wird. 

2. Verfahren nach Anspruch 1, wobei MaehDECht und Verkehr sdaten gleichzeitig es&aueail In- 
und einem Quadrafftamal bertragen werden . 

3. Verfahren nach Anspruch 1, wobei das Ausw hlen ein Ausw hlen der Datenrate aus einer vorbestimi 
von Datenraten umfasst . 

4. Verfahren nach Anspruch 1, wobei das Ausw hlen ein Ausw hlen einer Kanalkodier ungskonf igurat ion < 
der Datenrate w hrend des Zeitfensters umfasst. 

5. Verfahren nach Anspruch 1, wobei Ausw hlen umfasst Ausw hlen eines Paketformats entsprechend der 

6. Verfahren nach Anspruch 1, wobei Ausw hlen umfasst Ausw hlen einer Menge von Anwender daten ents] 
der Datenrate zum bertragen w hrend des Zeitfensters. 

7. Basisstation (4), konfiguriert zum bertragen eines Signals an eine Mobilstation (6) w hrend 

ber einen drahtlosen Kanal, wobei das Zeitfenster eine Mehrzahl von Zeitschlitzen umfasst, wobs 
(4) aufweist: 

Mittel zum Empfangen einer DatenMafhsgeht , DMa-ehr icht , von der Mobilstation (6), wobei die DF 
Nachricht einen Hinweis auf ein Qualit tsma des drahtlosen Kanals enth It; 
Mittel zum Ausw hlen einer Datenrate basierend auf dem Hinweis in derNa^anip±iaorl^gte^QxndDRC- 
Mittel zum bertragen des Signals mit deda<2)iafcelnLrgi<fefeenn zeichnet, dass 

die Hinweise in derNa>ElSr-icht auf einem Pilotsignal basieren, das durch einen Vorw rtsverfc 
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Pilotkanal von der Basisstab&ctir^^n wurde, und dass dNfias^tDf&feht in jedem Zeitschlitz von der 
Basisstation (4) empfangen wird. 

8. Basisstation (4) nach Anspruch 7, wobtocdracMCnnd Ver kehr sdaten gleichzeitig Si^^-inem In- 
Kanal und einem QuadrSanni bertragen werden. 

9. Basisstation (4) nach Anspruch 7, wobei die Mittel zum Ausw hlen Mittel zum Ausw hlen der Datei 
vorbest immten Menge von Datenraten umfassen. 

10 . Basisstation (4) nach Anspruch 7, wobei die Mittel zum Ausw hlen der Datenrate Mittel zum Ai 
Kanalkodierungskonf igurat ion entsprechend der Datenrate umfassen. 

11 . Basisstation (4) nach Anspruch 7, wobei die Mittel zum Ausw hlen der Datenrate Mittel zum Al 
Paketformats entsprechend der Datenrate umfassen. 

12 . Basisstation (4) nach Anspruch 7, wobei die Mittel zum Ausw hlen der Datenrate Mittel zum Ausw h! 
an Anwenderdaten entsprechend der Datenrate zur bertragung w hrend des Zeitfensters umfassen. 

13 . Basisstation (4) nach Anspruch 7, 

wobei die Mittel zum Empfangen einen Empf nger umfassen, der zum Empfttas^nicrttitr \fiftC-der 
Mobilstation konfiguriert i st ,NavcdiasddclORCfe-inen Hinweis auf das Qualit tsma des drahtlosen Kanal 
h It ; und 

wobei die Mittel zum bertragen einen Sender umfassen, der mit dem Empf nger verbunden ist und zu 
des Signals w hrend des Zeitfensters mit der Datenrate konfiguriert ist, die Naianr dent empf anger 
basiert . 

1 4 . Basisstation (4) nach Anspruch 13, weiterhin aufweisend ein Auswahle lement (14), das mit dem ] 
dem Sender verbunden ist und zum Ausw hlen der Datenrate basierend auf der Narqdrferira^^en DRC- 
konfiguriert ist. 

1 5 . Basisstation (4) nach Anspruch 14, wobei das Auswahle lement (14) zum Ausw hlen der Datenrate a 
bestimmten Menge von Datenraten konfiguriert ist. 

16 . Basisstation (4) nach Anspruch 14, wobei das Auswahle lement (14) zum Ausw hlen einer Kanalkodi 
guration zum bertragen des Signals w hrend des Zeitfensters konfiguriert ist, wobei die ausgew 
rungskonf iguration der Datenrate entspricht. 

1 7 . Basisstation (4) nach Anspruch 14, wobei das Auswahle lement (14) zum Ausw hlen eines Paketformat 
tragen des Signals w hrend des Zeitfensters konfiguriert ist, wobei das ausgew hlte Paketform, 
entspricht . 

1 8 . Basisstation (4) nach Anspruch 14, wobei das Auswahlelement (14) zum Ausw hlen einer Menge von 
daten zur bertragung des Signals w hrend des Zeitfensters konfiguriert ist, wobei die ausgew 
Anwenderdaten der Datenrate entspricht. 

19. Verfahren zum Steuern einer Datenrate eines Signals, das von einer Mobilstation (6) empfangen wi 
Basisstation (4) an die Mobilstation (6) w hrend eines Zeitfensters ber einen drahtlosen Kane 
wobei das Zeitfenster eine Mehrzahl von Ze it schlit zen umfasst, das Verfahren aufweisend: 

bertragen einer Date nanf rage nachr U&cfcctbr DfUSt, von der Mobilstation (6) an die Basisstation (4 
die DRCNachricht einen Hinweis auf ein Qualit tsma des drahtlosen Kanals enth It; und 
Empfangen des Signals bei der Mobilstation mit einer Datenrate w hrend des Zeitfensters, wob« 
auf dem Qualit tsma badacteztch gekennze ichnet , dass 

der Hinweis in derNBREr-icht auf einem Pilotsignal basiert, das durch einen VEbrlotritarvat bindungs 
von der Basisstation (4) bertragen wurde, und Wabhridhe BRCfj-edem Zeitschlitz von der Mobi.' 
station (6) bertragen wird. 

20. Verfahren nach Anspruch 19, wobei Ma.<ehjDR<£h-t und Verkehr sdaten gleichze itig E^iafeesHlaiKaTl In- 
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und einem QuadratKiatnal bertragen werden. 

21. Verfahren nach Anspruch 19, wobei das bertragen ein bertragen von Inf ormat ionen hinweisend ai 
zulnter f erenzverh ltnis f r den drahtlosen Kanal umfasst . 

5 

22. Verfahren nach Anspruch 19, wobei das Empfangen ein Empfangen eines Paketes mit einem Paketf ormc 
wobei das Paketf ormat der Datenrate entspricht . 

23. Verfahren nach Anspruch 22, wobei das Empfangen ein Empfangen eines Paketes mit einem Paketf orm£ 
10 das eine vorbestimmte Menge vorBjQtesiez-ur bertragung w hrend des Zeitfensters umfasst. 

24. Verfahren nach Anspruch 22, wobei das Empfangen ein Empfangen eines Paketes mit einem Paketform£ 
das eine vorbestimmt Menge von Anwenderdatenbit s zum bertragen w hrend des Zeitfensters umfas; 

15 25. Verfahren nach Anspruch 19, weiterhin aufweisend: 

Bestimmen eines Tr g^Rterf erenzverh ltnisses (C/I) von Datenmitte ilungen, die auf einer V 
bindung empfangen wurden . 

20 26. Verfahren nach Anspruch 19, weiterhin aufweisend: 

Bestimmen einer EEe±tl-e jR-at e (BER) von Datenmittei lungen , die auf einer Vorw r t sverbindung emp: 
wurden . 

25 27. Verfahren nach Anspruch 19, weiterhin aufweisend: 

Bestimmen einer PaB^eftieiR-ate (PER) von Datenmittei lungen , die auf einer Vorw rt sverbindung ei 
gen wurde . 

30 28. Verfahren nach Anspruch 19, wobei das bertragMactLercBRCu-mf asst : 

bertragen der DRSehricht auf einem bestimmten Kanal auf einer R ckw rt sverbindung . 

29. Verfahren nach Anspruch 19, weiterhin aufweisend: 

35 

Demodulieren von Datenmitte ilungen, die auf einem Verkehr skanal einer Vorw rt sverbindung in 
mung mit der Datenrate empfangen wurden; und 

Decodieren von Datenmitteilungen, die auf einem Verkehr skanal einer Vorw rt sverbindung in be 
mit der Datenrate empfangen wurden. 

40 

30. Verfahren nach Anspruch 19, weiterhin aufweisend: 

erneutes bertragen derN&^BKCr-icht auf einer R ckw rt sverbindung . 

45 3 1 . Mobilstation (6) zum Empfangen eines Signals w hrend eines Zeitfensters ber einen drahtlosen : 
Basisstation (4) wobei das Zeitfenster eine Mehrzahl von Zeit schlitzen umfasst, wobei die Mobil 

Mittel zum bertragen einer Datenanf r agenacMarcikrrif chDRCan die Basisstation, woblerbhd-ie DRC- 
richt einen Hinweis auf ein Qualit tsma des drahtlosen Kanals enth It; und 
50 Mittel zum Empfangen des Signals mit einer Datenrate w hrend des Zeitfensters von der Basisst 

die Datenrate auf dem Qualit tsmadakki^r^irlgekennzeichnet, dass 

der Hinweis in derNBREr-icht auf einem Pilotsignal basiert, das durch einen V^rlratkawar bindung e 
von der Basisstation (4) bertragen wurde und itfabh±id±L«; URiCfj-edem Zeitschlitz von der Mobilstat 
(6) bertragen wird. 

55 

32 . Mobilstation (6) nach Anspruch 31, wobMackLitecIi-RCu-nd Verkehr sdaten gleichzeitig Ea-LHfse3-inem In- 
Kanal und einem QuadrSanal bertragen werden. 
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33 . Mobilstat ion nach Anspruch 31, wobei die Mittel zum bertragen Mittel zum bertragen von Informal 
die auf ein Trziginterferenzverh ltnis des drahtlosen Kanals hinweisen. 

34 . Mobilstation (6) nach Anspruch 31, wobei die Mittel zum Empfangen Mittel zum Bestimmen eines I 
5 des empfangenen Signals umfassen, wobei das Paketformat der Datenrate entspricht . 

3 5 . Mobilstat ion (6) nach Anspruch 31, wobei die Mittel zum Empfangen Mittel zum Bestimmen einer Kai 
konf igurat ion zum Decodieren des Signals umfassen, wobei die Kanalkodier ungskonf igur at ion der 
spr icht . 

10 

36 . Mobilstation (6) nach Anspruch 31, 

wobei die Mittel zum bertragen einen Sender umfassen, der zum ki&arctJmaijcslmt ctenr D^-Basisstation 
konfiguriert ist, wobe iNdcchr IDREt einen Hinweis auf das Qualit tsma des drahtlosen Kanals enth 
wobei die Mittel zum Empfangen einen Empf nger umfassen, der konfiguriert ist zum Empfangen de 
15 der Datenrate w hrend des Zeitfensters von der Basisstation (4), wobei die Datenrate auf dem Qua.' 

3 7 . Mobilstat ion nach Anspruch 36, wobe iNatihar iaEfcCt-7 die einen Hinweis auf ein Qualit tsma enth 1" 
Tr gerz-u-Inter f erenzverh ltnis des drahtlosen Kanals umf asst . 

20 3 8 . Mobilstat ion nach Anspruch 31, weiterhin aufweisend: 

Mittel zum Bestimmen eines SFar^Lg&er f erenzverh ltnisses (C/I) von Datenmitteilungen, die auf € 
w rt sverbindung empfangen wurden . 

25 3 9 . Mobilstation (6) nach Anspruch 31, weiterhin aufweisend: 

Mittel zum Bestimmen e i rEeadi iRpiife-at e (BER) von Datenmitteilungen, die auf einer Vorw rtsverbir 
empfangen wurden. 

30 40 . Mobilstation (6) nach Anspruch 31, weiterhin aufweisend: 

Mittel zum Bestimmen einerF^ktefi-ate (PER) von Datenmitteilungen, die auf einer Vorw rtsverbir 
empfangen wurden. 

35 41 . Mobilstation (6) nach Anspruch 31, weiterhin aufweisend: 

Mittel zur bertragung dMscDR^eht auf einem bestimmten Kanal auf einer R ckw rt sverbindung . 

42 . Mobilstation (6) nach Anspruch 31, weiterhin aufweisend: 

40 

Mittel zum Demodulieren von Datenmitteilungen, die auf einem Verkehr skanal einer Vorw rts\ 

bereinst immung mit der Datenrate empfangen wurden; und 
Mittel zum Decodieren von Datenmitteilungen, die auf einem Verkehr skanal einer Vorw rtsverbi 
einstimmung mit der Datenrate empfangen wurden. 

45 

Revendi cat ions 

1. Un proc0d0 pour contr ler un d0bit de donn0es d un signal 0mis sur un canal sans fil durant une 
50 depuis une station de base (4) vers une station mobile (6), la trame temporelle comprenant une pi 

temporels, le proc0d0 comprenant : 

recevoir un message de requCEte de donn0es, message DRC, la station de base (4) 0mis depu 
mobile (6) et contenant une indication d une mesure de qualit0 du canal ; 
55 s01ectionner le message DRC re u ; 

0mettre le signal depuis la station de base (4) pendant la trame temporelda^ai!Xitd!2Litiislj0bit de dc 
en ce que 

1 indication dans le message DRC est bas0e sur un signal pilote 0mis via un canal pilote de 
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la station de base (4), et le message DRC est re u chaque cr0neau temporel la station d 

2. Le proc0d0 de la r evendicat ion 1, dans lequel le message DRC et des donn0es de trafic sont transmi 
sur des canaux en phase et en quadrature. 

5 

3. Le proc0d0 de la revendication 1, dans lequel la s01ection comprend la s01ection du d0bit de 
ensemble pr0d0termin0 de d0bits de donn0es . 

4. Le proc0d0 de la revendication 1, dans lequel la s01ection comprend la s01ection d une configur 
10 canal corr e spondant au d0bit de donn0es pendant la trame temporelle . 

5. Le proc0d0 de la revendication 1, dans lequel la s01ection comprend la s01ection d un format de p< 
au d0bit de donn0es. 

15 6. Le proc0d0 de la revendication 1, dans lequel la s01ection comprend la s01ection d une quantit0 d 
correspondant au d0bit de donn0es pour transmission durant la trame temporelle. 

7. Une station de base (4) configur0e pour 0mettre un signal vers une station mobile (6) pendant un 
sur un canal sans fil, la trame temporelle comprenant une pluralit0 de cr0neaux temporels, la 

20 comprenant : 

des moyens de r0ception depuis la station mobile (6) d un message de requCEte de donn0es, m< 
contenant une indication d une mesure de qualit0 du canal sans fil ; 

des moyens de s01ection d un d0bit de donn0es qui est bas0 sur ladite indication dans le mess, 
25 des moyens d 0mission du signal audit d0bit de donn0es, 

caract0ris0e en ce que 

1 indication dans le message DRC est bas0e sur un signal pilote transmis via un canal pilote de 
la station de base (4), et le message DRC est re u chaque cr0neau temporel la station de b 

30 

8. La station de base (4) de la revendication 7, dans laquelle le message DRC et des donn0es de tr 
concurremment sur des canaux en phase et en quadrature . 

9. La station de base (4) de la revendication 7, dans laquelle les moyens de s01ection comprenner 
35 s01ection du d0bit de donn0es parmi un ensemble pr0d0termin0 de d0bits de donn0es . 

10. La station de base (4) de la revendication 7, dans laquelle les moyens de s01ection du d0bit de d> 
des moyens de s01ection d une configuration de codage de canal correspondant au d0bit de donn0< 

40 11. La station de base (4) de la revendication 7, dans laquelle les moyens de s01ection du d0bit de d' 
des moyens de s01ection d un format de paquet correspondant au d0bit de donn0es. 

12. La station de base (4) de la revendication 7, dans laquelle les moyens de s01ection du d0bit de d- 
des moyens de s01ection d une quantit0 de donn0es utilisateur correspondant au d0bit de donn0es p 

45 durant la trame temporelle. 

13. La station de base (4) de la revendication 7, 

dans laquelle lesdits moyens de r0ception comprennent un r0cepteur conf igur0 pour recevoir de 
le message DRC contenant une indication de ladite mesure de qualit0 du canal sans fil ; et 
50 dans laquelle lesdits moyens d 0mission comprennent un 0metteur coupl0 au r0cepteur et configu 

le signal durant ladite trame temporelle audit d0bit de donn0es qui est bas0 sur le message DR 1 

14. La station de base (4) de la revendication 13, comprenant en outre un 010ment s01ecteur (14) cc 
et 1 0metteur et configur0 pour s01ectionner le d0bit de donn0es sur la base du message DRC . 

55 

15. La station de base (4) de la revendication 14, dans laquelle 1 010ment s01ecteur (14) est confi 
le d0bit de donn0es parmi un ensemble pr0d0termin0 de d0bits de donn0es. 
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16. La station de base (4) de la r evendicat ion 14, dans laquelle 1 010ment s01ecteur (14) est confi 
une configuration de codage de canal pour Omission du signal pendant la trame temporelle, dans 
figuration de codage de canal s01ectionn0e correspond au d0bit de donn0es. 

17. La station de base (4) de la r evendicat ion 14, dans laquelle 1 010ment s01ecteur (14) est confi 
un format de paquet pour 0mission du signal durant la trame temporelle, dans laquelle le format de 
correspond au d0bit de donn0es . 

18. La station de base (4) de la r evendicat ion 14, dans laquelle 1 010ment s01ecteur (14) est confi 
une quantit0 de donn0es utilisateur pour 0mission du signal durant la trame temporelle, dans ." 
S01ectionn0e de donn0es utilisateur correspond au d0bit de donn0es. 

19. Un proc0d0 pour contr ler un d0bit de donn0es d un signal re u par une station mobile (6) 0mis 
de base (4) vers la station mobile (6) durant une trame temporelle sur un canal sans fil, la trame 
une pluralit0 de cr0neaux temporels, le proc0d0 comprenant : 

1 0mission, depuis la station mobile (6), d un message de requCEte de donn0es, message DRC, 
de base (4) contenant une indication d une mesure de qualit0 du canal sans fil ; et 
la r0ception, la station mobile (6), du signal un d0bit de donn0es durant la trame ter 
donn0es 0tant bas0 sur la mesure dea:q<ELa1l0:t0s0 en ce : que 

1 indication dans le message DRC est bas0e sur un signal pilote transmis via un canal pil 
depuis la station de base (4), et le message DRC est 0mis chaque cr0neau temporel dep 
mobile ( 6 ) . 

20. Le proc0d0 de la revendication 19, dans lequel le message DRC et des donn0es de trafic sont t 
remment sur des canaux en phase et en quadrature . 

21. Le proc0d0 de la revendication 19, dans lequel 1 0mission comprend 1 0mission d informations 
rapport port esiuyei-nter f 0re nee pour le canal sans fil. 

22. Le proc0d0 de la revendication 19, dans lequel la r0ception comprend la r0ception d un paquet a 
paquet, dans lequel le format de paquet correspond au d0bit de donn0es . 

23. Le proc0d0 de la revendication 22, dans lequel la r0ception comprend la r0ception d un paquet a 
paquet qui inclut une quantit0 pr0d0finie de bits de codage pour 0mission durant la trame tempt 

24. Le proc0d0 de la revendication 22, dans lequel la r0ception comprend la r0ception d un paquet a 
paquet qui inclut une quantit0 pr0d0finie de bits de donn0es utilisateur pour transmission duran 

25. Le proc0d0 de la revendication 19, comprenant en outre : 

la d0termination d un r apportsipir#rt1m]tr#0rence (C/I) des communications de donn0es re ues sur 
liaison aller. 

26. Le proc0d0 de la revendication 19, comprenant en outre : 

la d0terminat ion d un taux d erreurs de bits (BER) des communications de donn0es re ues sur i 

27. Le proc0d0 de la revendication 19, comprenant en outre : 

la d0terminat ion d un taux d erreurs de paquet (PER) des donn0es de communication re ues sur u 

28. Le proc0d0 de la revendication 19, dans lequel 1 0mission du message DRC comprend : 

1 0mission du message DRC sur un canal d0di0 sur une liaison retour . 

29. Le proc0d0 de la revendication 19, comprenant en outre : 



32 



EP 1 326 471 Bl 



la d0modulat ion des communications de donn0es re ues sur un canal de trafic d une liaison all 
au d0bit de donn0es ; et 

le d0codage des communications de donn0es re ues sur un canal de trafic d une liaison allei 
au d0bit de donn0es. 

30. Le proc0d0 de la revendicat ion 19, comprenant en outre : 

la retransmission du message DRC sur une liaison retour . 

31. Une station mobile (6) pour recevoir un signal pendant une trame temporelle via un canal sans fi 
de base (4), la trame temporelle comprenant une pluralit0 de cr0neaux temporels, la station mobi 

des moyens d 0mission vers la station de base (4) d un message de requCEte de donn0es, me: 
contenant une indication d une mesure de qualit0 du canal sans fil ; et 

des moyens d 0mission depuis la station de base (4) du signal un d0bit de donn0es durant la 

00 le d0bit de donn0es est bas0 sur la mesure de qualit0, 

caract0ris0e en ce :que 

1 indication dans le message DRC est bas0e sur un signal pilote transmis via un canal pile 
depuis la station de base (4), et le message DRC est 0mis chaque cr0neau temporel depuis la s 

32. La station mobile (6) de la revendicat ion 31, dans laquelle le message DRC et les donn0es de t: 
concurremment sur des canaux en phase et en quadrature. 

33. La station mobile (6) de la revendicat ion 31, dans laquelle les moyens d 0mission comprennent 
0mettre une information indicatrice d un ra^Dpoarrtteprcfeteeunsje- pour le canal sans fil. 

34. La station mobile (6) de la revendicat ion 31, dans laquelle les moyens de r0ception comprennent 
d0terminer un format de paquet du signal re u, 00 le format de paquet correspond au d0bit de d< 

35. La station mobile (6) de la revendicat ion 31, dans laquelle les moyens de r0ception comprennent 
d0terminer une configuration de codage de canal pour d0coder le signal, 00 la configuration d< 
correspond au d0bit de donn0es. 

36. La station mobile (6) de la revendicat ion 31, 

dans laquelle lesdits moyens d 0mission comprennent un 0metteur configur0 pour 0mettre vers la 
(4) le message DRC contenant une indication de ladite mesure de qualit0 du canal sans fil ; et 

dans laquelle lesdits moyens de r0ception comprennent un r0cepteur configur0 pour recevoir de 1 
(4) le signal audit d0bit de donn0es durant ladite trame temporelle, 00 le d0bit de donn0es es' 

de qualit0. 

37. La station mobile (6) de la revendicat ion 36, dans laquelle le message DRC contenant une indica - 
de qualit0 inclut un rappor -Bup^ntenf 0rence pour le canal sans fil. 

38. La station mobile (6) de la revendicat ion 31, comprenant en outre : 

des moyens de d0terminat ion d un rapporfeuperrttmnfi&ence (C/I) des communications de donn0es 
re ues sur une liaison aller . 

39. La station mobile (6) de la revendicat ion 31, comprenant en outre : 

des moyens de d0terminat ion d un taux d erreurs de bits (BER) des communications de donn0e: 
une liaison aller. 

40. La station mobile (6) de la revendicat ion 31, comprenant en outre : 

des moyens de d0terminat ion d un taux d erreurs de paquet (PER) des donn0es de communication 
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une liaison aller. 

41. La station mobile (6) de la r evendicat ion 31, comprenant en outre : 

des moyens d 0mission du message DRC sur un canal d0di0 sur une liaison retour . 

42 . La station mobile (6) de la r evendicat ion 31, comprenant en outre : 

des moyens de d0modulation des communications de donn0es re ues sur un canal de trafic d une 
conform0ment au d0bit de donn0es ; et 

des moyens de d0codage des communications de donn0es re ues sur un canal de trafic d une ! 
conform0ment au d0bit de donn0es. 
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